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CHAPTER I 
INTRODUCTION 
Interrelation of Science and Mathematics.-- Mathematics may be treated 
as pure mathematics; however, almost automatically some of its laws are 
applied in other sciences. These laws form the proof of scientific princi-
ples. The accuracy of weather forecasting, astronomical calculations, jet 
propulsion, engineering, and a host of other scientific areas are dependent 
on mathematics. Scientific progress cannot exist without mathematics. 
This concept has, of course, a far deeper connotation. Our very cul-
ture relies on the progress of science. Progress is accomplished by the 
!/ 
solution of problems, primarily as Alfred Hooper asserts by the result of 
deductive reasoning which, in turn, is the very essence of mathematics. The 
voluminous information in science and mathematics has made our present-day 
civilization so far advanced. Thus, the interrelation of these two subjects 
nearly dictates an analysis of integration accomplished in these areas. 
This analysis should also start where the science program begins, 
namely at the elementary level. 
Purpose of Study.-- Actually, how much mathematical content is covered 
in the science program at the intermediate level? What are the mathematical 
experiences, experiments, principles, and facts, which boys and girls en-
counter in the science program at this level? To answer these inquiries, 
the writer plans to :9mpile scientific experiences at the intermediate 
!/ Alfred Hooper, Makers of Mathematics, Random House, New York, 1948, p. 36. 
0 
0 
2 
level in the elementary school which have mathematical implications. 
Scope of the Stud~.-- Ten science, series of grades four, five, and six 
will be analyzed. Scientific content which has mathematical implications 
' 
' 
will be listed on cards and later arranged according to science areas. The 
writer intends to compile the scientif1c-mathematical information in four 
lists as follows: 
1. A list of concepts that have mathematical-implications. 
2. A list of scientific facts which are discussed in most 
intermediate grade textbooks. These facts should consist 
of a specific quantity to which children should be exposed 
to in the intermediate grades and with Which children 
should be familiar. 
3. A list of mathematical vocabulary applied in the science 
I 
texts and 
4. A list of important scientific experiences in the ten 
series, which have good possibilities~: introducing 
mathematics into the science program. 
Justification of the Study.-- Many reasons may be cited as justifications 
for a study in which the correlation o~ mathematics and science is analyzed. 
At the elementary level such a study h~s not been attempted. 
It may be that either a very small percentage of quantitative concepts 
are introduced at the elementary level or that most of the concepts are ex-
pressed in a general way rather than in specific detail. This is not actu-
ally a detriment to the science program. The elementary program should pre-
sent a general background for children which may be extended in later years. 
However, many general statements are supported by quantitative data. As far 
3 
~ as possible this data should be presented to develop a better understanding 
of the concepts involved and to aid in the processes of learning and retain-
0 
0 
ing. 
It is quite evident, then, that many quantitative concepts must be de-
veloped in boys and girls in order that they understand scientific data mean-
ingfully. For example, the concept of degrees is used in discussions relating 
to temperatures of water, ice, and weather. It is used when talking about the 
earth's shape, its inclination, latitude, and longitude. It may be referred 
to in the study of lenses and in the reflection of light rays. Time is also 
an important concept. Terms such as~' reactions, time zones, international 
dateline, rotation, and revolution are essential to the complete understanding 
of astronomy and the earth sciences. Extremely large or small numbers may 
have application also: the actual distance light. travels in a light year, 
the magnification of a cell, and the infinite number of plankton present in 
sea water. 
It is possible that the use of mathematical quantitative principles in 
science problems will imbue in children a greater confidence in scientific 
endeavors. It should make the science program more concrete and meaningful. 
For ex·~ple, the scientific fact is pr~sented: Measurement is not accurate. 
An experiment is co~ducted in which different boys and girls measure the 
same distance or weigh the same amounts. Listing the various measurements, 
the averages, and the highest deviations may depict a more meaningful picture 
than merely the stating of the above fact. Graphing of results may be de-
\ sirable. 
The final compilation of scientifi:c content which has mathematical im-
plications will include quantitative facts and concepts used at the inter-
4 
~ mediate level. This list may be used for reference for teachers relative 
to the number of quantitative facts covered in most intermediate grades. 
The integration of mathematical concepts to the general science pro-
gram is not the same in all science areas; certain areas of science appear 
to have a greater percentage of transfer. More mathematical content may 
normally be included in units on astronomy, simple machines, sound, and 
light, for example, and less in a unit in biology and nature study. Yet, 
1/ 
even in nature geometric patterns are ever created. Irving Adler- indi-
cates that the honeybee's comb has hexagonal cells~ the snowflake forms its 
symmetrical arrangement~ the volcano has the shape of a cone; the sun, 
moon, and stars are spheres. 
What is the percentage of integration in each science unit presented in 
the intermediate grades and what is the mathematical background needed by a 
child to understand these scientific problems? These answers will certainly 
be a by-product of the intended compil~tion. 
A compilation of scientific experiences with a mathematical background 
is one avenue which may be broadened. Once the scientific principle has 
been analyzed, children may find illustrations where these principles may be 
applied and may try to solve problems of a simple mathematical nature. 
Newer Mathematics Programs.-- At present, different mathematical 
approaches are being taught in many school systems. Terms such as equations, 
progressions, roots, squares, proportions, ratios, etc., are being explored 
far more frequently at the elementary level than previously. Much of this 
new type of mathematical exploration may be also the basis for science pro-
grams. 
~ 11 Irving Adler, Mathematics, Golden Press, New York, 1960, p. 48-49. 
5 
The newer mathematics,and specifically the Greater Cleveland Mathematics 
11 . 
Program , also encourages the process ,of discovery. Discovery is presented 
by submitting a series of known facts to students and guiding them in drawing 
the correct conclusion. The sifting of facts and its related deductions 
stimulates thinking. In this respect science and mathematics should work 
hand in hand. 
Summary.-- In summary, the following are reasons for a compilation of 
science experiences which have mathematical application: 
1. The foundation of our culture depends on the understanding 
of math~atics and science. 
2. The very closeness of mathematics and science makes one 
appreciate how much mathematics is applied in the science 
program at the elementary level. 
3. Quantitative concepts support many general conclusions. 
4. A list of quantitative facts and concepts may be used as 
a guide in curriculum development. 
5. Integration of mathematical content varies with science 
subject matter. The percentage of this integration in 
I 
each science unit may be indicated as a result of this 
study. 
6. A compilation presents an outline Which may easily be put 
to use for an enrichment program. 
7. The newer mathematics may be applied in the science pro-
gram. The mathematical concepts needed to do this: may 
be an outcome of this study. 
1/James F. Gray, Greater Cleveland Mathematics Program, Educational 
- Research Council of Greater Cleveland, 75 Public Square, Cleveland 13, 
Ohio, 1960, p. 5. 
. CHAPTER II 
REVIEW OF LITERATURE AND RESEARCH 
Nature of Mathematics.-- Whenever the questions 11How many?' 'How big?' 
1/ 
or 'Ho-.;-1 far? 11- of a situation are considered, mathematical computations 
are involved. These inquiries demand either approximate or accurate answers, 
which make abstract concepts understandable. Primarily the symbolic quality 
of mathematics helps in the expression and translation of abstract ideas. 
For example, problems of distance, time, and rate are easily solved by the 
symbolic representation of D = T x R. Formulas for perimeter, area, and 
volume are also quite comprehensible to children in the intermediate grades. 
In this respect, mathematics is concise: the ultimate expression or 
2/ 
11l.anguage of science".-
The nature and symbolic significance of mathematics is described 
3/ 
~ffectively in Alan E. Nourse's~ book: So You Want to Be a Scientist. 
He states: 
'~thematics has been loosely defined as 'the science 
of numbers', a process of reasoning by means of the use of 
symbols, but it is far more than that. In the endless search 
for an understanding of our universe and the way it operates, 
mathematics is the science which shows us how to deal with 
unknow quantities and how to organize their relationships in-
to logical comprehensible patterns. Mathematics enables us 
to represent such indefinable and intangible concepts as time, 
space, energy, and movement by symbols with which we can work." 
!/ Irving Adler, QR· c~t., p. 10. 
11 Alan E. Nourse, So You Want to Be a Scientist, Harper & Brothers 
New York, 1960, p. 98. 
0 }./ Ibid., p. 101 - 102. 
-6-
0 
"Ever since man appeared on earth, we have been able in 
our minds to symbolize ideas and thoughts by sound patterns, 
words and letters, and thus communicate our ideas to others by 
means of spoken language. In the same way, mathematics pro-
vides us with a way to translate scientific concepts into sym-
bols which can then be studied, manipulateda understood, and· 
discussed. The symbols of mathematics are/written language. 
By using that language, the most abstract concepts, ideas and 
relationships of sciencecan be placed on paper, and by using 
the methods or reasoning made possible by mathematical symbols 
we are able to express what is known in science and predict 
the patterns that will be found in the unknown. 
"Of all the sciences, mathematics is the most orderly, 
the most logical, and the most rigidly disciplined •••• " 
Objectives of Mathematics and Science.-- The objectives of the 
science and mathematics program at the elementary level are very similar. 
];./ 
7 
T. Brenda:p asserts that the primary purpose of mathematics is the "attain-
ment of truth". This is certainly valid for science. When man began to 
qu~stion superstitions and sought explanations based on facts, he began 
to attain the truths peculiar to science, namely objective and reproducible 
truths commonly known as laws. Scienti·sts, who dared to ask, the "why" of 
'!:./ 
natural phenomenon, discredited many long-held beliefs. Smith believes 
that the complete picture of a natural phenomenon did not emerge immedi-
ately. When man was content in work~ng on isolated portions of a complete 
problem and progressed step by step, an overall view was achieved. The 
mystery, fear, and superstitions of ~any of the natural occurrences were 
explained. 
A similarity in objectives of these two subjects is also apparent 
in the use of the scientific method. The steps of the scientific method 
!/Brother T. Brendan, F.S.C., "Ranking Objectives in Mathematics",. 
School Science and Mathematics, ~y, 1958) Volume 58, Number 5:334. 
£/ George 0. Smith, Mathematics: The Language of Science, Library of 
Congress·catalog Number 61-5711, United States, 1961, p. 7-12. 
\ 
\ 
8 
!/ 
are stated by LaVerne S. Powers as: 
111. State the problem. 
2. Consider various ways of solving the problem. 
3. Choose the most logical solution. 
4. Test it. 
5. Test it over and over again." 
This is, of course, the same procedure used in solving problems of any 
nature in the mathematics program. 
There are, furthernore, general and specific goals which the curri-
culum of the science and mathematics program attempts to accomplish. w. R. 
Hargrove 
ture: 
~_I 
summarizes the general aims in the current professional litera-
"1. To help every child understand better the quantitative 
and phenomenal aspects of his environment. 
2. To help the pupil develop concepts and skills in a 
sequence which will allow him to pursue higher studies 
in specialized fields. 
3. To place social tools in the hands of all· our citizens. 
4. To encourage the most rigorous thinking of which a 
pupil is capable. 11 
2_/ 
Thomas G. Overmire, in discussing the lack of mathematics in bio-
logy, sees the more specific mathematical goals in science. Mathematics 
is used in science "(1) in making quantitative measurements, (2) in pre-
senting information~ (3) in making estimates, and (4) in validating in-
formation." 
l:l LaVerne s. Powers, 11The Correlation of Science and Mathematics in 
the Junior High School," School Science and Mathematics, {October, 
1954) Volume 54, Number 7:572. 
J:./ W. Richard Hargrove, "Proper Emphasis on Science and Mathematics in 
the Elementary School," Science Education,(March, 1960) Volume 44, 
Number 2: 89. 
2_/ Thomas G. Overmire, "Mathematics in High School Biology, 11 School 
Science and Mathematics, (October, 1960) Volume 61, Number 7:540. 
1.1 
Extent of Correlation.-- taper, in regard to the extent of correla-
tion says that since 1900, the integration of science and mathematics has 
been urged and used in many classrooms,. However, teachers found that 
there was not sufficient time to cover the required subject matter. The 
complete integration was not a satisfactory solution. There is appar-
ently~ a great need for correlation within both the science and mathema-
2:/ 
tics program. As LaVerne S. Powers states: 11This L-;_orrelatio!!l should 
not be done to the extent that the fundamental principles of each field 
are sacrificed. It should be the aim to show that the two fields are 
interrelated. The principles of each subject are necessary in the teach-
ing of the other." 
The relationship of mathematics and science purposes are shown by 
1.1 
Pearl A. Nelson in the following manner: 
110ne of the fundamental purposes for teaching science to 
little children is the same as the one offered for the teach-
ing of arithmetic; to help the ch~ld understand his environ-
ment, the many quantitative and phenomenal aspects of it, and 
to help him develop in sequence the concepts and skills which 
will allow him to pursue at a later date these studies as they 
appear in specialized areas and fields. 11 
Correlations at High School Level.-- The separation of the mathema-
tics and science at the high school level has presented many difficulties. 
!±I 
Grove believ~that instructors solved these difficulties by teaching 
];./ Mrs. Lois M. taper, 11How to Improve Science Teaching through Mathe-
matics,11 School Science and Mathematics, (October, 1961) Volume 61, 
Number 7:487, · 
'I 
~I LaVerne S. Powers, op. cit., p. 571. 
1.1 Pearl A. Nelson, 11Precision in Science and Arithmetic in the Elementary 
School, 11 School Science and Mathematics, (December, 1962), Volume 62, 
Number 9:639. 
!!_/ Ethel L. Grove and Ewart L. Grove, ~1'An Experiment in the Integration 
of Mathematics and Science, 11School Science and Mathematics, (June, 
1952), Volume 52, Number 6:468. 
9 
10 
mathematical content needed in the science program earlier in the school 
year to facilitate its applicability in the science program. He states 
later that this gave students a chance to relate principles learned in 
one subject to another; also the students realized that the classmate with 
a good mathematical background had a "definite advantage" in the science 
class. 
An important reference presented at the high school level is the 
approximate percentages of mathematics used in science. Lois M. Laper 
presents the following information: 
"In general science about ten per cent of the exercises 
use mathematics. MOst of this is arithmetic, which includes 
percentage, ratio, proportion, and measurement. In chemistry 
a little more than ten per cent of the exercises use mathe-
matics. · Proportions, percentage and simple equations are 
necessary to work the exercises. All this subject matter is 
found in a good course in general mathematics. In physics 
from fifty to seventy-five per cent of the problems use mathe-
matics. For these problems it is necessary to solve many kinds 
of equations, extract square roots, and substitute in formulas. 
Physics also uses some geometry, such as similar triangles, 
finding the diagonal of a square ~nd the side opposite the 30° 
angle is a 30° - 60° right triangle." 
!/ 
Correlation at Junior High Level.-- Information concerning the cor-
relation of science and mathematics at the junior high school level is 
2:./ 
very scarce. William H. Payne has correlated some problems of astro-
nomy with mathematical principles. He presents the science topic, the 
mathematical topic, the procedure, and a list of problems dealing with 
!/ Lois M. Laper, op. cit., p. 487. 
2/ William H. Payne, "Integrated Learning as a Result of Exercises in 
Mathematics and Science, "School Science and Mathematics, (January, 
1957) Volume 57, pp. 37-40. 
0 
11 
)J 
astronomical computations. Alfred Capoferi describes the teamwork of 
three teachers in respect to correlation of the science and mathematics 
program. This list is an outcome of their combined work: 
{1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
11Mathematical Concepts 
Ratio and proportion 
Metric system 
Balancing of equations 
Volumes and their formulas 
Averages 
Positive and negative numbers 
Graphs - bar, line, circle 
Ordinary computation - whole 
Per cents 
Application of various units 
of measure 
Use of ruler, compass, 
protractor 
Geometry 
Application of algebraic 
symbolism 
Use of tables 
Science Application 
Simple levers, Archimed~s principle 
Weights - measurements 
Balancing chemical equations, 
density, photosynthesis 
Volumes of aquaria 
Temperature - horsepower 
Temperature (boiling point -
freezing point) 
Composition of air - temperature 
Science problem solving in all areas 
Solutions - compounds 
Metric system 
Measuring 
Structure of matter 
Horsepower - temperature 
formulas 
Density, melting - freezing tables." 
Correlation at Elementary Level.--At the elementary level two publications 
should be considered. These have been written in conjunction with the new 
mathematics projects and are a fine example as to the type of correlation 
possible in. the intermediate grades. The first is a pamphlet entitled 
2:.1 
Math Patterns in Science by W. W. Sawyer, and the second is the 
Ll Alfred Capoferi, "How Can a Junior High School Mathematics Teacher 
Strengthen the Science Course?" School Science and Mathematics, 
(March, 1956) Volume 56, Number 3:235. 
2 I w. w. Sawyer, Math Patterns in Science, American Education Publication, 
-- Education Center, Columbus 16, Ohio, 1960, p. 3 +30 (Copy of the final 
report is enclosed. It is titled: Algebra for Grade Five, Wesleyan 
University, Middleton, Conn., March 1962, p. 1). 
12 
1/ 
~ Elementary School Science Project of the University of Illinois.-
It appears that much of the subject matter content taught in upper 
grades is sifting down into the elementary curriculum. For example, 
J:/ 
Ahrendt points out: "In some experiments, algebra has been introduced 
to pupils as early as the third grade.'' He states further that it was 
not thought possible that students in the third, fourth, and fifth grade 
could progress with topics introduced at the High School level, but pro~ 
~ 
grass made by these youngsters in such topics was termed "incredible". 
2_/ 
In this respect W. W. Sawyer began to teach algebra in the fifth 
grade. He stated in his final report that his work was not supported 
by any grant; it was "a purely individual effo:r.:t". Actually, the pam~ 
phlet consists of a series of lesson plans which he presented for forty~ 
five minutes each week to a homogenous group in an elementary school. 
~ These students were the top 33% of the class, which he continued to teach 
0 
in grades six, seven, and eight. 
The correlation is presented through "patterns in numbers" and 
through "patterns in nature" from which predictions may be assumed; tricks 
in arithmetic and "why they work"; and scientific laws as they apply to 
algebra. These lesson plans present excellent supplementary material 
at the fifth and sixth grade levels. 
1/J. MYron Atkin, Stanley P. wyatt, and others, Astronomy: Charting the 
-Universe, (Revised Edition), Elementary~School Science Project, Univer-
sity of Illinois, Urbana, 1962, p. 1 + 71. 
2/M. H. Ahrendt, "Newer Trends in Teaching Mathematics," School and 
-Society, (September 24, 1960), Volume 88, Number 2177:329. 
2_/ W. w. Sawyer, op. cit., p. 3 + 30. 
0 
0 
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The second publication is a unit developed on astronomy by the above 
mentioned Elementary-School Science Project. These books were supported 
by a grant from the National Science Foundation. It is available in two 
parts: Book 1 Astronomy: ·Charting the Universe and Book 2 Astronomy: 
The Universe in Motion. 
!/ 
J. MYron Atkin and Stanley P. wyatt, co-directors of this project, 
write t"Qat the main purpose is "to develop content materials that reflect 
a modern orientation to science and mathematics." 
Further they state: 
"Charting the Universe is the first book in a sequen-
tial series under development by the Project. The first 
edition was tried during 1961-62 by about 300 teachers 
working with 9000 children. This revised edition includes 
a considerably altered treatment of various topics. The 
revision is based partly on detailed comments and sugges-
tions received from participating teachers. In a fundamen-
tal sense, these teachers and children are contributors to 
the 1962 edition. 
"This edition of Charting the Universe, like last 
year's,represents a new organization of elementary-school 
content based on an identification of fundamental astro-
nomical ideas. It, too, is being tried broadly •••••• " 
In these books it is quite apparent that much of mathematics is a 
part of astronomy. In fact, these two subjects are interwoven to such 
an extent that it is impossible to separate them. Topics such as "The 
Shape of the Earth", "Lines and Angles", "Charting on the Earth", and 
more advanced topics as ''Measuring Angular Diameters", and "Estimating 
the Daily Motion of the Sun" are covered. 
In correlating arithmetic, geograp~ history, and~ience, Mary T. 
ll J. Myron Atkin, op. cit, p. 1. 
0 
0 
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Connolly has written original problems of estimation, comparison, and 
computation Which a fourth grade may use with the science text: The 
!:.1 
Wonderful World of Science. · She has listed these problems under every 
month of the year. Her work is a sincere endeavor to broaden and apply 
arithmetic concepts. 
:J.I 
Also in this connection Pearl A. Nelson has presented a list of 
thirty-five items which include many phases of the science program. The 
list is primarily given as a stimulation to teachers Who do not realize 
the close association between these two areas. Suggested grade levels 
have been indicated. 
Needless to say, at the elementary level the need to relate mathema-
tics and science has been felt. A beginning has been made to answer this 
need. 
Supervision of Science and Mathematics.-- Another phase of the edu-
cation program is the increasing demand for supervision in science and 
!±I 
mathematics. James W. Busch writes: 
11Up to three years ago, only four or five state de-
partments of education had on their staff a person with 
special training and responsibility in the field of 
science education and even fewer had any such person in 
mathematics education. Today nearly every state has one 
or more persons so assigned. In general, this same situ-
ation also holds true with respect to personnel with simi-
lar responsibilities at the local district level. Where 
1.1 Mary T. Connolly, "Arithmetic Problems Based on Quantitative situations 
Described in Fourth-Grade Geography, History, and Science Books, 11 un-
published Master's thesis, Boston University, 1950, p. 1 + 95. 
:J./ 
W. Stone Know, and others, The Wonderful 
Charles Scribner's Sons, 1946. 
Pearl A. Nelson, op. cit.,p. 641- 643, 
World of Science, New York, 
f:!/ James w. Busch, "Supervision of Science and Mathematics", School 
Science and Mathematics, (April, 1961) Volume 61, Number 537:297. 
0 
0 
several years ago only the largest districts were likely 
to have a special supervision in any academic area, today 
even some of our relatively small districts have been able 
to assign a qualified person at least some time for the 
task of coordinating or supervising science and/or mathe-
matics." 
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Two reasons are given by James Busch concerning the supervision. They 
are 11the impact of the money provided by the National Defense Education 
Act for any such supervision at the state level,,.and "that an improved 
science and mathematics program in our public schools is essential if 
we are to meet the needs of our society and the individual in this 
society''. 
Further, the many advances made in education demand more supervisory 
1.1 
personnel as H. J. Battle claims: 
"Education in America is a rapidly growing enterprise, 
involving a large variety of services. Within the last few 
years the National Science Foundation and National Defense 
Education Act have made significant contributions toward the 
growth of educational programs in science and mathematics 
through assistance in the training of teachers and the acqui-
sition of improved instructions equipment and other aids. 
These and many other developments are leading to an increased 
need for supervision in education." 
It seems with the increasing teaching load in the intermediate 
grades that specialization in science and mathematiBs will come sooner 
or later. In this respect, coordinators and leaders are needed who are 
able to fuse the numerous parts of a program into a workable and prac-
tical curriculum. 
2/ 
H. J. Battle in regard to this states: 
1/ H. J. Battle, "Supervision of Science and Mathematics," School 
Science and Mathematics, (April, 1961) Volume 61, Number 537:302. 
1/ Ibid., p. 302. 
0 
0 
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"The image of the supervisor has undergone considerable 
change from that of a person with authority to administer pro-
grams and people in accord with his judgment, to that of a 
leader and coordinator who works with programs and people in 
accord with the best ideas that may emerge from the group and 
within the current philosophy of the school system. This 
trend seems both necessary and desirable, for it allows maxi-
mum utilization of the best resources available in the plan-
ning and operation of programs." 
11 
Mary A. Procopio reported on a study conducted 'by Salem State Col-
lege's faculty committee on the elementary cur-ricul~. From the "Tabu-
lar Summary of Salem State College Survey of Modern Teaching Practices" 
it was evident that out of 97 communities in Massachusetts, 42 per cent 
have special teachers in science arid 42 per cent have special teachers 
in mathematics. However, already 12 per cent of the communities combine 
the subjects of science and mathematics. 
' 2/ 
E. Glenadine Gibb and Dorothy C. Matala- studied the problem of 
using special teachers in science and mathematics in grades five and 
six. Four school·systems took part in this study. In these school sys-
tems two fifth and two sixth grades were taught by one teacher and two 
fifth and two sixth grades were taught by a special teacher. The classes 
chosen had similar socio-economic backgrounds and similar intellectual 
abilities. Most of these special teachers had a particular interest in 
science and/or mathematics; however, the specialist's background in 
these two areas varied. The study was conducted for a period of two ; 
years. At the beginning and end of this period, three tests in measuring 
1/ Mary A. Procopia, 11Undergraduate Specialization For Elementary 
Teachers 11 , Massachusetts Teacher, (February, 1963), Volume 42, 
Number 5:10-11. 
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'1:_/ E. Glenadine Gibb and Dorothy C. Matala, "Study on the Use of Special 
Teachers of Science and Mathematics in Grades 5 and 6, 11 School Science 
and Mathematics, (November, 1962) Volume 62, Number 8:582. 
c:) concepts, abilities, and skills in social studies, in science, and in 
arithmetic were administered. 
0 
0 
From this study the following conclusions were derived: 
"1. There is some evidence that children learn science 
more effectively with special teachers than in a self-
contained classroom. 
2. There is no evidence that children learn mathemat~cs 
more effectively with special teachers than in self-
contain~d classrooms; neither is there evidence that 
children learn mathematics more effectively in self-
contained classrooms than When taught by special 
teachers. 
3. There is no reason to believe that several teachers 
create a biased interest in selected content areas 
such as science and mathematics. 
4. Using a special teacher in science is probably a 
better kind of organization for more effective learn-
ing by all children regardless of intellectual ability. 
5. There is no reason to believe that children of dif-
ferent intellectual abilities achieve more effectively 
in mathematics under one plan or the other. 
6. Although both fifth and sixth grade groups preferred 
the several-teacher organization, the more enthusias-
tic preference was on the part of the sixth grade. 
However, children prefer different kinds of class-
room organization for different reasons." 
The emphasis on supervision of science and mathematics seems to 
have the underlying idea that the two subjects are so related that a 
special teacher could teach both and foster correlation to a greater 
degree. At the same time, it seems that correlation is unlikely as both 
science and mathematics have definite objectives to be covered. Perhaps 
the correlation of these two fields coulA-be introduced more effectively 
in the science program as its objectives seem to be more flexible in 
this respect. 
17 
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The first step to such planning is the actual awareness of the many 
possibilities in this field. It appears that many educators are not cog-
nizant of the fact that mathematics forms the basis of science and should 
be an integral part of the science curriculum, as Ruth Groteluschen 
1.1 
indicates: "••••• I have been almost frightened by the la9k of awareness 
of these relationships on the part of so many teachers." 
Incidental Problem Solving.-- Perhaps educators have thought that 
the correlation may be a part of incidental learning. A negative result 
!:.I 
as far as incidental learning is concerned is given by Henry S. Jansen 
in his report titled: "Opportunities for the Use of Arithmetic in an 
Activity Program." Six teachers of grades 3 and 6 respectively were 
chosen to conduct this study. A program was presented in seven schools 
which were developed around worthwhile interests rather than a systematic 
approach. Each teacher recorded any situation in which "quantitative 
thinking" was needed. The results were as follows: 
1.1 
2:.1 
"These records were kept carefully over a period of 
four months and in the six third grades the total number of 
such quantitative problems which were essential 1 in the pur-
suit of some child-selected activity' was 234. Only 56% of 
these, however, called for actual computation which means 
that, on the average, only five computational problems per 
room per month were included. The 'child-selected activity' 
in the six sixth grades yielded a total of 205 quantitative 
problems in 72% of which actual computation was needed. 
This means that if the arithmetic program of these children 
were limited to the quantitative work essential to the study 
of the core problem there would have been on the average 
approximately six computational problems per month for each 
of the sixth grade rooms." 
Ruth Groteluschen, "Ways in which the Science Teacher Can Help 
Strengthen Mathematics Instruction, 11 School Science and Mathematics, 
(April, 1956), Volume 56, Number 492:287. 
Henry s. Jansen, "The Relation of Mathematics to the Core Curriculum," 
Mathematics Teacher, (October, 1952) Volume 45, Number 6:429-430. 
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It is easily seen from this report that experiences of children in 
a classroom do not necessitatemanj.l quantitative concepts. Thus, in in-
cidental learning not much· of the basic knowledge needed by boys and girls 
is accomplished. In relating this to science and mathematics it seems 
reasonable that a teacher cannot cite factual data to support a scientific 
fact on the spur of a moment; research on the part of the teacher and 
student is necessary. 
Attitude toward Science and Mathematics in the Curriculum.--
!/ 
E. Glendine Gibb and Dorothy c. Matala state: 11Unlike arithmetic, 
science (even when it was known as nature study) has never had an accepted, 
.undisputed place in the curriculum of the elementary school." The authors 
claim~· 11Since the beginning of the elementary school education, ai:ith-
metic has been one of the"basic subjects of the school curriculum." The 
differences in attitudes toward these areas could very well be the cause 
of the lack of both supervision and integration of science and mathe-
matics. 
Many educators in general have been disturbed about the science pro-
gram in the present-day curriculum of 'the elementary school. The status 
!:_I 
of the science program is improving, however, as Pearl A. Nelson 
points out: 
"It is true that, in the past; it was necessary that science 
at the lower level be 'bootlegged' under the term social 
studies. During the past decade, however, elementary 
science, per se, has emerged in dignity with no apparent 
necessity for forced correlation uth history and geography." 
!/E. Glenadine Gibb, op. cit., p. 566-56~ 
· !-._/ Pearl A. Nelson, op. cit., p. 639. 
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Conclusion.-- Throughout 1900 and 1950, there seemed to have been 
cycles in Which the unification of science and mathematics has been 
1.1 
stressed. Catherine Bergen summarizes it as follows: 
11In conclusion the author would say that although 
there does not seem to be any steady trend of increase in 
the use of mathematics in any one sci~nce, there are per-
iods in which each science is li£ted to a new mathematical 
level as it were. This occurred in physics (and'related 
areas of physical chemistry) with respect to the use of 
the higher mathematical methods of quantum mechanics in 
the late 1920's. It occurred in chemistry with respect 
to mathematics in general during the decade between 1910 
and 1920. It has had its beginnings in biology .at about 
1940. The author is sure that the significance of these 
changes for science teaching in general education is not 
limited to the college level, but she is equally sure that 
it has nothing to do with the development of skill in sol-
ving numerical science problems. The significance lies 
more in the attitude of respect toward mathematical 
science which the instructor passes on to his students 
and in the insight into the role which mathematical equa-
tions have played in facilitating scientific discoveries 
which could scarcely have been made without their use." 
It appears that again a period has begun in which the interest of 
science and mathematics is at its peak. Pressures from a technological 
society mak~ this mandatory. 
Stimmary.-- In summarizing the research on the mathematical content 
in intermediate science, the following may be stated: 
1. Mathematics forms the basis of all other sciences. 
2. Mathematics expresses abstract ideas in a symbolic 
language. 
3. The objectives of mathematics and science are similar. 
4. Research shows that most correlation of mathematics and 
science has been done on the elementary level. 
];/ Catherine Bergen, "Prevalence of Mathematics in Science from 1900 to 
1950 11 , School Science and Mathematics, (June, 1951) Volume 51, 
Number 449:446. 
5. More supervisors of mathematics and science are in 
demand at the present time. 
6. Mathematics cannot be taught in the science program 
incidentally, but adequate preparation must be made 
to include it in science. 
7. Many teachers lack awareness as to the closeness of 
mathematics and science. 
8. Unlike arithmetic, science has not had a permanent 
place in the curriculum. This attitude has made it 
more difficult for science to be taught at the ele-
mentary level. Thus, the mathematical aspect of 
science has suffered also. 
9. There have been many periods in history in Which 
mathematics has been stressed and emphasized. 
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CHAPTER III 
APPLICATION OF MATHEMATICS IN INTERMEDIATE SCIENCE TEXTBOOKS 
Frequency of Mathematical Implications.-- When an awareness of 
mathematical implications is gained, it becomes immediately apparent that 
mathematics is used in numerous instances in intermediate science text-
books. The amount of mathematian content differs from series to series, 
from textbook to textbook within ~ series, and from unit to unit. 
All textbooks at the intermediate level support concepts with 
mathematical data; however, a textbook Which employs substantial amounts 
of mathematical proofs, appears more interesting, rewarding, and worth-
while. In these instances the mathematical content gives added stress to 
the scientific generalization and it presents a clearer picture of size, 
shape, amount, or distance to the young reader. 
Main Objective of this Chapter.-- It is the purpose of this chapter 
to indicate the application of mathematics in intermediate science text-
books. The examples cited will show the kinds of mathematical background 
children apparently need in comprehending science in the intermediate 
grades. They will also indicate which areas of mathematics should be 
stressed before some experiments and concepts are introduced. 
List of Texts Used in this Research.-- The following textbooks at 
the intermediate grade level have been analyzed to find these mathematical 
applications: 
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Series I 
Allyn and Bacon, Inc. 
Thurber, Walter, A., 
. 
Exploring Science - (Grade 4, 5 and 6) 
Boston, 1960 
Series II 
American Book Company 
Trexler, Clarence R.; Jacobson, Willard J.; and 
Lauby, Cecilia, J., 
A B C Science Series - (Grades 4, 5, and 6) 
New York, 1961 
Series III 
Ginn and Company 
Series IV 
Craig, Gerald, and Hurley, Beatrice Davis, 
Discovering with Science - Grade 4 
Craig, Gerald, and Hill, Katherine E., 
Adventuring in Science - Grade 5 
Craig, Gerald S. ; Ruth Lippenberger.; and 
Navarra, John Gabriel, 
Experimenting in Science - Grade 6 
Boston, Mass., 1961 
Harper and Row, Publishers 
Navarra, John Gabriel, and Zafforoni, Joseph, 
Todayrs Basic Science - (Grades 4, 5, and 6) 
New York, 1963 
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Series V 
D. C. Heath and Company 
Series VI 
Schneider, Herman and Nina, 
Science in Your Life - Grade 4 
Science in Our World - Grade 5 
Science for Today and Tomorrow - Grade 6 
Boston, Mass., 1956 - (Rev.) '62 
J. B. Lippincott Company 
Smith, Victor, and Henderson, Barbara, 
Science Across the Land - Grade 4 
Science Through the Seasons - Grade 5 
Science Beneath the Skies - Grade 6 
New York, 1956 
Series VII 
Lyons and Carnahan, 
Experimenting in Science - Grade 4 
Living With Science - Grade 5 
Looking Ahead in Science - Grade 6 
Chicago, 1960 
Series VIII 
The Macmillan Company 
Barnard, J. Darrell; Stendler, Celia; and Spock, Benjamin, 
A Unified Program in Science, Health, and Safety 
(Grades 4, 5, and 6) 
New York, 1959 
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Series IX 
The L. W. Singer Company 
. 
Seriea X 
Frasier, George Willard; MacCracken, Helen Dolman; 
and Decker, Donald Gilmore, 
Science Discoveries - Grade 4 (Second Edition) 
Science Problems - Grade 5 (Second Edition) 
Science Experiments - Grade 6 (Second Edition) 
Syracuse, 1962 
The John C. Winston Company 
Dowling, Thomas I.; Freeman, Kenneth; Lacy, Nan; and 
Tippett, James S., 
The New Explaining Why - Grade 4 
The New Discovering Why - Grade 5 
The New Understanding Why - Grade 6 
Philadelphia, 1956 
Measurement.-- Numerous experiments and explanations require a 
knowledge of measurement terms and concepts. Many recently published 
textbooks explain measurement-understandings quite adequately in the 
science content. The important measurement concepts are genera~ly in-
traduced at the beginning of the fourth and fifth grades. The series, 
published by the Macmillan Company and the American Book Company, devote 
many pages to developing measurement objectives. 
First and foremost, children must realize that there are different 
25 
kinds of measurements and that these measurements measure various things. 
Children should recognize the measuring units; they should convert one 
measuring unit to another; and they should use the tables of measures. 
• 
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In addition, many things are measured by simply counting the number 
of things, as the number of feet in a given distance, the number of de-
grees on a thermometer,· or the number of minutes it takes to perform 
a certain job. Some things are more difficult to measure than others, 
such as love, beauty or emotions. In these instances a survey or census 
may be taken in order to count how many people feel a certain way. 
Further, girls and boys should understand that measurement instru-
1.1 
ments measure quantitative situations more accurately. As Victor Smith 
comments: "But we depend almost entirely upon the readings of our 
weather instruments. They are more accurate than our observations. We 
found that most weather signs, except watching the clouds, are of no 
value." 
Many experiments require the use of one or more thermometers. MOre 
experiments are performed with the thermometer than any other single 
measuring instrument. Other weather instruments are pictured and ex-
plained; however instruments such as the geiger counter, seismograph, or 
radiosonde are merely described. Children are asked to construct sundials, 
compasses, or rain gauges. In every textbook they are introduced to a 
small portion of the laboratory equipment of a scientis~r-. To some ex-
tent, then, children must be able to read and interpret measuring devices. 
Accuracy and good judgment are also a part of scientific measure-
ment. When an experiment is performed, a student should measure quantities 
or dimensions as accurately as possible. This requires skill in the mani-
pulation of measuring equipment. Good judgment must be developed also. 
1-.l Victor Smith and Barbara Henderson, Science Through the Seasons, 
J. B. Lippincott Co., New York, 1956, Grade 6, P. 143. 
• 
• 
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When the height of an animal or plant is indicated, children should try 
to visualize the height. In measuring or reading measurements, oppor-
tunity should be given to judge the desired measurement. Practice in 
this leads to be~ter understanding of measuring units. 
Measuring Distances.-- In the space age, a major teaching objective 
11 
should be the understanding of distance. Trexler defines distance as 
11
• • • • the space between two objects." These objects may be close to-
gether or far apart. 
For many years, there were no set standards to measure distance. It 
took a long time for the units of measurement to be standardized. Thus, 
in measuring close distances, inches, feet, yards, or miles are used. 
These units are now standardized and have an exact meaning to every in-
dividual. 
Distance may be expressed in variou~ ways. One way of expressing 
it is by means of time. For example, to travel from New York to Boston 
may take five hours by car or one hour by jet. In giving directions a 
person may say} "It's only a ten-minute drive." 
The vast expanse of space is measured by associating time and dis-
tance. To compute the accurate distance,a rate that is const~nt had to 
be used. The speed of light was found to have the constant rate of 
186,000 miles per second. Scientists merely computed the number of 
seconds in a year and multiplied the answer by 186,000. Light travels 
6 trillion miles in one year. Scientists call the distance that light 
travels in a year's time, a light-year, which is used in measuring the 
vast distances in space • 
!I Clarence R. Trexler, Williard J. Jacobson, and Cecilia J. Lauby, ABC 
Science Series, American Book Co., New York, 1961, Grade 4, p. 35. 
0 
'0 
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Measuring Time.-- It is not sufficient for children to be familiar 
with individual units of time, but they must also understand time and 
its association with the past. 
In science, children are exposed to ages, as the "Age of Amphibians" 
and the ''Age of Reptiles". For example, in studying the origin of the 
earth, the scientists speak of its existence from four to five billions 
of years. They describe the animals and plants that lived during the 
Palezoic, Mesozoic, and the Cenozoic eras. A billion years is a long 
time. Only a few people are privileged to live beyond a century. It 
seems ridiculous to compare it to the span of human life. Perh?PS the 
powers of ten as 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 may pre-
sent a clearer view. A time line may be used in developing this con-
capt. Yet, no matter what device or explanation is presented, a person 
is hardly capable of imagining the time involved in a billion years. 
The difficult but interesting dimension of time is a frequent and very 
important concept children encounter in their reading. 
Measurement and Experiments.-- Children are often motivated to con-
struct experiments in which measu~ents are involved. Some experiments 
may only require a teaspoon of baking powder, two feet of string, or a 
quart o:f water, while others may deal with more detailed measurements 
as measuring the shadow every hour, measuring the elevation of a hill, 
or measuring distant objects by triangular calculations. 
Children may wish to visualize the distances involved in our solar 
system. The following experiment may be performed as suggested by J. 
1/ 
Darrell Barnard: 
J. Darrell Barnard and others, A Uniiied Program in Science, Health 
and Safety, The Macmillan Co., New York, 1959, Grade 4, p. 100. 
., 
"You can use a measure to show how far the planets are 
from the sun. Draw a straight line twenty feet long with 
White chalk on your classroom floor. The sun will be at one 
end of the line~ Mark this with an s. Use colored chalk if 
you have any. '· " 
'~rk the places of the other planets along the line at 
these distances from your 'sun'. 
Mercury 
Venus 
Earth 
-l. 
2 in. 
- 4 ib. 
6 in. 
1 
Mars 9 in. 
Jupiter - 2~ ft. 
Saturn 5 ft. 
Uranus - 10 ft. 
Neptune - 15 ft. 
Pluto - 20 ft. 
"If your line is twenty feet long, you can 1 t show how big 
planets are compared ,with each other. You would have to make 
the sun as big as a pinhead. You could not'make the other 
planets large enough to see." 
~ 
The Metric System.-- To some extent, the metrie~system is intro-
~f 
duced in many intermediate textbooks. 
!/ . The February, 1963 issue of the 
Singer Science News stated: 
"Signs point to an early change-over from yards and 
quarts to meters .and lit~rs. There are indications that 
conversion to the metric system will come earlier than most 
executives expect. Some U. S. industries are already measu-
ring in metric units--industrial chemicals, plastic materials, 
paints and similar products shipped in bulk or large con-
taine;s. 4n early,change-over is clearly indicated in those 
lines where ~cientific·research makes the present measuring 
system cumbersome. Same applies to industries, such as 
electronics and missiles, and to fields in Which miniaturi-
zation has made inches - fractions an archaic form of 
measurement." 
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Not all details of the metric system are covered, but children are 
expected to know that a centimeter is a hundredth of a meter or about 
2~ centimeters make an inch. The kilometer equals 1,000 meters or one 
kilometer equals about 5/8 of a mile. The metric upit.pf gram is ex-
plained as 28 grams weigh approximately one ounce. Quite often the advan-
tages of the metric system and its use by scientists is also described. 
!/ Singer Science News·, (February, 1963) Volume 16, No. 3, p. L 
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Science Subject Matter and Mathematics.-- Certain mathematical con-
cepts seem to be more prominent in some science areas than in others. In 
a unit on prehistoric animal and plant life, time is of utmost importance; 
in a unit of simple machines the amount of force in relation to weight and 
distance is explained in mathematical terms. Concepts of measurement are 
a major part of a weather unit. Number, size, time, and distance form a 
good portion of an astronomy unit. Before a science unit is taught, a 
teacher should be cognizant of the nature of mathematics· applied in the 
science unit. 
Factual Data.-- The factual data constitutes the greatest part of 
mathematical contribution to intermediate grade textbooks. When a reader 
is cognizant of the mathematical aspect of general science, the tremen-
dous amount of mathematical data employed in supporting scientific gen-
eralizations is quite obvious. Amore complete picture emerges, a 
broader view is gained~and the subject matter becomes more significant. 
Textbooks vary greatly in the amount of supporting detail presented. 
Some textbooks merely state the concept, While others develop the idea 
far more fully. Needless to say, concepts backed by substantial facts, 
are remembered for a longer period of time. For example, a student can 
understand the importance of plasma more readily When he reads these 
1/ 
facts written by Herman and Nina Schneider: 
·~en a person is badly hurt and bleeding severely, 
the doctor can give plasma to take the place of lost 
blood. This emergency step has saved thousands of 
lives •••••• 11 
11 Herman and Nina Schneider, Science for Today and To~orrow, 
D. c. Heath and Co., Boston, 1956, Grade 6, p. 153 and 156, 
• 
"Large amounts of plasma are used each year. The 
plasma is made from the blood of healthy adults Who wish 
to donate it. Only a small quantity of blood--usually 
about a pint--is taken from a vein of the blood donor, 
and the method is safe and painless." 
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Comparisons.-- Many results of experiments are based on observation 
and comparisons. The growth of plants under certain conditions, the 
speed of two airplanes, the results of various tests, the growth of molds 
in favorable and unfavorable conditions may be compared. In this illus-
!/ 
tration, J. Darrell Barnard used the media of comparison: 
"One way of guessing the intelligence of an animal is 
to compare the weight of the animal's brain with the weight 
of its spinal cord. A eat's brain weighs four times as much as 
its spinal cord. A cat is much more intelligent than a fish. A 
monkey's br~in weighs about ~ight times as much as ~ts spinal 
cord. A human being's brain weighs more than fifty times as 
much as his spinal cord. As life goes from simpler animals like 
snakes to more complicated animals like monkeys, the weight of 
the brain increases as compared to the weight of the spinal 
cord." 
When children decide to use comparison as a part of an experiment, 
they may follow a certain plan outlined by J. Darrell Barnard: 
''What am I going to compare?' 
What will I measure'a 
How will I measure? 
What things will I keep the same?. 
What materials will I need?.' 
How many times must I repeat the comparison?" 
!J 
In comparing the results children. quite often have to work with the 
analysis of numbers. They may graph or chart the results and deduct 
worthWhile conclusions from them. 
11 J. Darrell Barnard, op. cit., Grade 5, p. 169. 
]:../ Ibid, p. 12. 
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Problem Solving Situations.-- Although problem solving is a greater 
part of the High School physics and chemistry courses, it is not used 
extensively in science texts at the intermediate level. In fact, simple 
problems, set up in the manner famil~ in the intermediate grade arithme-
tic textbooks, are very scarce. 
Many problems in general science are of a different nature than 
pure mathematical problems. In mathematical problems a definite answer 
is generally desired. In scientific problems, the answer may not be 
obtained by using the four fundamental processes of addition, subtraction, 
multiplication, or division, but more by observation, comparison and 
lf 
approximation. For example, B. Clifford Upton writes an'arithmetic 
problem this way: 
"Find the volume of a rectangular tin can that is 
4 in. long, 2 1/2 in. wide and 9 1/2 in. high." 
:f/ 
While J. Darrell Barnard gives an example of a scientific problem solv-
ing activity: 
"Get two ice cubes the same size and put them on 
two saucers. Keep one ice cube cold in the refrigerator 
while the second one melts. The two saucers will have 
the same amount of water, though the water is frozen in 
one. Put both saucers in a sunny window and find out 
which one evaporates first." 
Here and there in a text pure mathematical problems may be given. 
They are not numerous, however. The following are some illustrations 
2/ 
formulated by Gerald Craig as to the kind of problems of a pure 
!/ Clifford B. Upton, and Fuller, Kenneth G., American Arithmetic, 
American Book Company, New York, 1957, p. 286. 
:f/ J. Darrell Barnard, op. cit., Grade 4, p. 241. 
11 Gerald Craig and Beatrice D. Hurley, Discovering with Science, 
Ginn and Company, Boston, 1954, Grade 4, p. 84. 
mathematical nature children are asked to solve: 
1. "Jane lives in Quebec, Canada. She likes to listen 
to the football game in Pasadena, California, on New Year's 
Day. The game begins at 2 P.M. Pacific time. When should 
Jane turn on her radio in Quebec?" 
2. "How many trips has the earth made around the sun since 
you were born? When you are fourteen years old, how many 
trips will the earth have made during your life?" 
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Lists of Activities.-- Many texts give excellent lists of activities, 
Which suggest to the student possible areas of diversion and enrichment. 
These activities ask the student to set up records, charts and graphs. 
Sometimes they describe how a survey or census may be conducted. Some 
activities call for research of a mathematical nature in order to compare 
existing conditions with previous situations. In working with many of 
these activities, it is apparent that some mathematical knowledge is 
essential. 
Many of the activities lead eventually to a problem-solving situa-
tion; however, they are generally not expressed as a mathematical pro-
blem, per se. MOst activities ask children to experiment, collect data, 
and interpret results. ];/ 
Victor Smith presents this activity: 
"Keep records of the temperature, wind .direction, 
ceiling and visibility, amount of rain or snow, kinds of 
clouds, and if you have a barometer, 'the air pressure for 
several days." 
'!:_/ 
J. Darrell Barnard suggests: 
"In hospitals, nurses keep a temperature chart for 
each patient. Find out from a nurse or doctor how 
doetors use these charts." 
11 Victor Smith, op. cit., p. 146, 
'l:.l J. Darrell Barnard, op. cit., Grade 5, p. 65. 
}:/ 
Thomas I. Dawley proposes this fascinating experiment: 
"Put a rope through the frame of a pulley. Fasten the 
pulley to some place over your head. Fasten a weight of ten 
pounds to one end of the rope. Be sure not to let the other 
end of the rope slip over the wheel. Pull down on the other 
end of the rope. The weight will be lifted. 
"Did it take as much force to pull the weight up as the 
object weighed? 
"Would friction in the pulley make it take more force 
to lift the weight? 
"Fasten a spring scale to the end of the rope by which 
you will pull. Now pull on the scale to lift the weight ~~ 
again. Record the amount of weight that the pointer on the 
spring scale shows. Try lifting the weight as high as the 
pulleys without using the rope and wheel. 
"Are these sentences true? 
1. It is easier to pull down than to lift up. 
2. A pulley Changes the direction of the force. 
"A fixed pulley does not decrease the amount of force 
needed to lift an object. A fixed pulley makes it easier 
to place some objects where you wish them to be." 
The Concept of'Manyness".-- Pupils are confronted with the 
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concept of ''manyness" very often. The nwnbers of animals and plants, the 
countless numbers of stars, the vast amounts of plankton in the sea, the 
innumerable numbers of atoms, molecules, and cells form a part of the 
idea of manyness. 
To comprehend the meaning of manyness, children must understand our 
number system and the meaning of a number up to a trillion by the fourth 
grade. These understandings are definitely a part of the regular arith-
metic class, and the meaning of a large number can be applied in science 
in many interesting ways. 
!/ Thomas I. Dawley, Kenneth Freeman, and others, The New Discovering Why, 
The )ohn C. Winston Co., Philadelphia, 1956, p. 262. 
0 1.1 Some examples stated by Gerald Craig, :J/ Victor Smith, and J. 
Darrell Barnard respectively, follow: 
"Billions and billions of these tiny plants and animals 
died and sank to the bottom of the seas, where they were 
covered with mud and sand ••••• But no one knows just how the 
oil formed petroleum or crude oil." 
11 
'There are probably many times millions of stars 
shining,' Uncle John answered." 
"In order for you to hear a sound, something must 
vibrate between about sixteen times a second and about 
twenty thousand times a second." 
The Infinitely Small.-- At the opposite extreme students must be 
able to think in terms of tiny particles. Since the time of Anton van 
Leeuwenhoek Who looked through a lens and found a microscopic world, 
the smaller parts of objects have been studied. Students too must have 
occasion to understand the minute size of atoms, molecules, cells, bac-
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~ teria, and plankton. Looking through a hand lens at the pares of a 
0 
flower may be a simple and interesting way pf directing attention to this 
fact. Of course, the use of a microscope is a very rewarding experience 
for boys and girls. 
Formulae.-- Science has its own way of representing chemical re-
!!/ 
actions, namely through symools and formulae, Guy L. Bond ascertains: 
lf Gerald Craig, Ruth Lippenberger, and John Gabriel Navarra, 
Experimenting in Science, Ginn and Co., Boston, 1961, Grade 6, p. 20~ 
11 Victor Smith, op. cit, p. 153. 
11 J. Darrell Barnard, op. cit., Grade 6, p. 88. 
!!_/ Guy L. Bond and Theodore Clymer, "Reading in the Physical and 
Natural Sciences 11 , Readi'I!$ Bulletin, Number 222, Lyons and Carnahan, 
Chicago, 1960, p. 4. 
I 
• 
"Among the more important basic study skills found 
in science is the ability to interpret the symbolic langu-
age and the scientific abbreviations. The symbol Zn, for 
example, is more than an abbreviation for zinc. It implies 
that the child knows the atomic weight, the valence, and so 
forth; that he is able to use the symbol effectively in 
chemical formulae." 
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In some texts formulae and their chemical constructions are explained. 
1/ 
Very simple formulae are presented by Gerald Craig in this example: 
"Today you ate a compound called starch. It is an 
important food substance in bread, potatoes, cereals, 
crackers, cake, and many other foods made from plants. 
The chemist writes its formula as C6HloOs. That is each 
molecule of starch contains: 
6 atoms of carbon C6 
10 atoms of hydrogen H10 
5 atoms of oxygen o5 
"A black solid and two invisible gases, when combined, 
form a white solid food--starch!" 
........... 
11What happened is that a chemical change took place as 
you chewed. Your saliva caused the starch to be changed to 
sugar. Your saliva contains water, which was combined with 
the starch in the cracker. This is what the chemical arith-
metic looks like: 
(starch) 
+(water) 
(sugar) 
c6 HlO os 
+ H2 0 
C6 H12 06 
"Merely by chewing a starch, you changed it to sugar. 11 
History in Science.-- A unit on rocks and minerals, ages of the 
earth, or conservation may deal with the historic aspect of science. Dates 
and statistics are presented. Quite often the writer of a textbook will 
briefly describe the history ofa.certain subject as the discovery of 
bacteria, the development of the atomic bomb, or the history of time 
pieces. Many mathematical concepts can be 9-ev'e-liaped from the history of 
11 Gerald Craig, op.cit., Grade 6, p. 109. 
the American bison. 1.1 For example, J. Darrell Barnard states: 
11Perhaps you already know the story of our .American 
bison. They were shot by the hundreds and by the thousands. 
The early settlers killed them for food. Later on they were 
shot mostly for their skins, which were shipped back east by 
the thousands. Many more were killed just for 'sport', and 
their bodies were left to rot on the plains. By 1890 there 
were only about 500 bison left in the United States." 
Graphs and Charts.-- It is extremely beneficial for students to be 
able to construct simple graphs and charts. They should know that a 
graph or chart should be used as a means of presenting pertinent data. 
In many science experiences, students can perform experiments that may 
be graphed. Teachers should take advantage of these opportunities and 
aid children in constructing and labeling graphs and charts. 
~I 
Guy L. Bond stresses an interesting point in regard to scientific 
graphs and diagrams: 
"All fields of science make extensive use of graphs and 
diagrams. These graphs and diagrams are frequently schematic 
in organization and differ from those in other fields. The 
teacher is quite apt to overlook the unique characteristics 
of scientific graphs and diagrams. The child, however, con-
fused by these differences, is likely to develop the habit of 
skipping the pictorial presentations of the material. The 
teacher who explains these graphic representations and en-
courages their use in class discussions will do much to eli-
minate the tendency to avoid the graphically presented data. 11 
Predictions.-- In some instances youngsters are also asked to pre-
diet conditions that may occur in the future. Children may study a series 
of weather charts and predict the next day's weather or guess the time of 
day by studying the position of the sun. They may study statistics 
:!/ J. Darrell Barnard, op. cit., Grade 51, p. 193. 
~/ Guy L. Bond, op. cit., p. 4. 
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showing the exactness with Which astronomical happenings can be predicted. 
1.1 
Harley R. Mutzfeld explains this idea in the following manner: 
"Astronomers have calculated the exact orbit and 
speed of the earth and moon. They can tell exactly, to 
the thousandth of a second, When the moon will get in 
the way of the sun, causing a solar eclipse. Just as 
exactly, they can predict the moment When the moon will 
move into the earth's shadow, causing a lunar eclipse. 
They have calculated the solar and lunar eclipses for 
thousands of years to come. 11 
Summary.-- The concepts needed by students for the meaningful under-
standing of science content matter with mathematical implications appear 
to be in the following: 
!/ 
1. Various kinds of measurements measure different things. 
2. Measuring units have the same meaning to individuals, 
because they are standardized. 
3. Units of measurement can be converted to one another. 
4. Scientists use units of measurement to interpret data 
obtained from scientific instruments. 
5. Distance may be expressed in linear or time measurement. 
6. The metric system, Which is based on the multiples of ten, 
is used in science, in industry, and in practical situations 
in most European countries. 
7. Specific science areas may stress a particular mathematical 
concept. 
8. Children are asked to understand constructions of simple 
mathematical formulae applied to physics and chemistry. 
9. A thorough understanding of our number system is necessary 
to grasp the large mathematical information. 
Harley R. Mutzfeld, "Are you Orbiting in Space? 11 Pocket 'Pamphlet 
D. c. Heath and co;, Boston, 1958, p. 36. 
10. Time must be understood in its relation to the past. 
11. Scientific problems at the intermediate grade level are 
often solved through observation, comparison, and approxi-
mation. 
12. Quite often scientists are involved with infinitely large 
and infinitely small numbers. 
13. Charting and graphing is an excellent comprehensive way 
of expressing some experimental results. 
Mathematics is applied in science in various ways. The area of 
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measurement is used extensively in science,and boys and girls should have 
an adequate background in this area. Since so many science activities 
ask for the construction of graphs, children should be given many oppor-
tunities to analyze and draw graphs. Our number system, the metric system, 
formulae, simple scientific problems and particularly factual data make 
up most of the mathematical content in science. 
REPORT ON THE VARIOUS STUDIES AND ANALYSES OF DATA 
Restatement of the Purpose of the Study.-- The purpose of this 
study is to explore the nature of mathematics in the science content of 
ten science series for grades four, five, and six. Four lists were estab-
lished which deal with mathematical concepts, facts, vocabulary, and ex-
periences developed in the science textbooks. The lists of concepts, facts, 
and experiences were condensed to include only the main generalizations in 
the science textbooks. 
Furthermore, the approximate amount of mathematics in science at 
the intermediate grade level was desired. Three brief studies were con-
ducted that dealt primarily with non-mathematical and mathematical con-
cepts. Theywere.: 
1. Comparing the main mathematical generalizations with 
the non-mathematical generalizations in nine science 
textbooks, and obtaining in this manner a percentage 
of mathematics in science. 
2. Finding which science subject area has approximately 
the most mathematical content. 
3. Comparing the writer's concept of scien~ific statements 
contajning mathematical implication with that of a group 
of graduates in a science seminar. 
When the mathematical vocabulary in the ten science textbooks was 
compiled, it seemed advisable to compare these words with vocabulary lists 
composed of arithmetic terms from intermediate grade arithmetic texts. 
This was possibl~and a comparison was made. 
-40-
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The list of facts includes important.mathematical quantities that are 
covered in most science texts. It appeared that the boiling point, melting 
point, temperature, and air pressure were mentioned many times in the 
science texts. These facts were compiled mainly for reference purposes. 
(This vocabulary analysis is presented in detail in Chapter V.) 
Important mathematical experiences which are covered in these texts 
are also listed. These experiences may.be used in introducing mathematics 
insCience. (See Appendix for lists of mathematical concepts, facts, and 
experiences.) 
Science Concepts with Mathematical Implication.-- In the vast amount 
of science content, there is also a great spreading of mathematical data. 
MUch mathematics is in the form of supporting statistics and to a certain 
extent explanations of experiments and activities. Some mathematical 
concepts are also explained in detail as they form important generaliza-
tions of a science unit. 
To state a percentage which will indicate the amount of mathematics 
found in science is almost impossible. An attempt in this direction was 
made primarily to indicate the large amount of mathematics included in 
the science content at the intermediate grade level and to encourgge its 
use in both the mathematics and science program whenever this is possible. 
!/ 
Lists of Concepts and Principles.-- Martin Robertson compiled a 
list of principles of physical science Which were considered suitable for 
the elementary school. Of the 70 principles listed, the writer ascertained 
!/ Martin L. Robertson, "Selection of Science Principles Suitable As Goals 
of Instruction in the Elementary School," Science Education, 
~ebruary, 1935) Volume 19, p. 1-4. 
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that 52 had mathematical implications. 1.1 Bernard E. Michals constructed 
a list entitled: Biological Science Concepts: Intermediate Grades, 
Which contained 184 biological concepts (duplications were not counted) 
of Which 57 were considered of a mathematical nature. 
Science Textbooks Concept Study.-- In order to obtain some kind of 
a percentage of mathematicaloontent in the intermediate grade science 
texts, the amount of general science content with the amount of mathema-
tical content had to be compared. In this regard, the significant general-
izations listed in three textbooks series or nine individual textbooks of 
grades four, five, and six were checked. Whenever a concept answered 
the question: 11Howmuch, how far, how fast, and how large?" it was con-
sidered to be a mathematical concept. Both mathematical and non-mathema-
tical concepts were then summed up and a percentage of the mathematical 
concepts was found. This percentage deals solely with important concepts 
of the nine textbooks. It does not include supporting details or the 
mathematics used in experiments. 
The following tables indicate the percentages found in each grade 
of the science textbooks. 
1.1 Bernard E. Michals, A Syllabus for Elementary Teachers, Division of 
Education, Los Angeles State College, 1960, P• 1-6. 
• 
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TABLE 1. PERCENTAGES OF MATHEMATICAL CONCEPTS IN THREE INTERMEDIATE 
GRADE SCIENCE SERIES 
Series Non-mathe- Mathematical Total No. Per Cent 
matical Concepts of Concepts Mathema-
Concepts tical 
(1) (2) (3) 
ConceEts 
(4) (5) 
Series I 
Grade 4 124 124 248 50.0 
Gra,de 5 158 ,80 238 33.6 
Grade 6 55 61 116 52.6 
Subtotal 337 265 602 44.2 * 
Series II 
Grade 4 142 104 246 42.3 
Grade 5 280 150 430 34.9 
Grade 6 320 212 532 39.8 
Subtotal 742 466 1208 38.5 * 
Series III 
Grade 4 39 33 72 45.8 
Grade 5 55 70 125 56.0 
Grade 6 56 57 113 50.4 
Total 1229 891 2120 42.0 * 
*Percentages of subtotals and total only. 
The above table indicates that approximately 42.0 per cent of im-
portatant concepts covered in the three series have mathematical im-
plications. In the first series 44.0 per cent, in the second series 
38.5 per cent, and in the third series 51.6 per cent of the concepts were 
found to have mathematical meanings. In all three series the percentages 
were remarka,bly high. These p_ercentages' seem signific.ant and r.eve.aling 
since almost half of the subject matter taught at the intermediate grade 
level has mathematical imElications_. 
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In the following study unit concepts were listed according to special 
science areas. Table 2 shows the average percentage of mathematical content 
in each subject area. 
TABLE 2. AVERAGE PERCENTAGE OF MATHEMATICAL CONCEPTS IN SCIENCE AREAS 
Non-mathe- Mathematical Total No. Per Cent 
Science Area matical Concepts of Concepts Mathema-
Concepts tical 
ConceEts (1) (2) (3) (4) (5) 
1. Astronomy 84 155 239 64.9 
2. Weather 75 98 173 56.6 
3. Living Things 188 88 276 31.9 
4. Healthful Living 90 38 128 29.7 5. Food 103 27 130 20.8 
6. Prehistoric Times 
and Rocks and 
Minerals 143 132 275 48.0 
7. Conservation 22 9 31 29.0 
8. Energy (Light, 
Heat and Sound) 45 63 108 58.3 
9. Electricity and 
Magnetism 177 97 274 35.4 
10. Simple Machines 82 43 125 34.4 
11. Chemistry 97 82 179 45.8 
12. Land, Water, 
and Air 83 59 142 41.6 
(Transportation) 
From Table 2 it can readily be seen that the units of Astronomy, 
Energy (Light, Heat and Sound), Weather, and Prehistoric Times and Rocks 
and Minerals, in that order, covers the most mathematical content, while 
the units of Food, Conservation, Healthful Living, and Living Things, 
which are primarily biological sciences, contain the least mathematical 
subject matter. When considering the total number of concepts, the 
subjects of Living Things, Prehistoric Times and Rocks and Minerals, and 
Electricity and Magnetism includes the greatest number of mathematical 
concepts to be taught. The subject of Conservation has the least number 
of concepts. 
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Group Agreement on Mathematical Implications.-- Since these .studies 
were based on the writer's opinions only, a study of these concepts by 
another group was necessary. First a list of science concepts with 
mathematical implications was compiled and presented to a heterogeneous 
group of 27 members composed of elementary teachers, Junior High School 
teachers, High School teachers, college instructors, and graduates. This 
group reviewed ;the list and checked.' the generalizations which they thought 
were mathematical. 
The following table is presented to indicate the responses of the 
group. 
TABLE 3. LOCATION OF MEDIAN FOR THE AGREEMENT OF MATHEMATICAL CONCEPTS 
BY MEMBERS OF A GRADUATE SCIENCE SEMINAR 
Limits Frequency Steps in the Process 
175 - 179 12 High 178 63--12=5.25 
170 - 174 2 Low -116 63--15=4.2 
165 - 169 4 62+1=63 (range) 5 (class , 
160 - 164 1 interval 
155 - 159 ' 4 N _ 27 = 13.5 
150 - 154 2 2-2 
145 - 149 0 
140 
-
144 0 Approximate median: 169.5 
' 
135 - 139 0 
130 - 134 1 13.5 - 13 = .5 
125 - 129 0 
120 - 124 0 1 
= 1.25 (correction) -x5 115 - 119 1 4 
N = ~27 169.5 + 1.25. = 17.0~.7.5 . .MedJan 
) 
Table 3 indicates that with twenty-seven members of the group, the 
range of agreement was from 178 concepts (100%) to 116 concepts. Half 
of the group thought that approximately seven concepts were not mathe-
matical. By dividing 171 (obtained by subtracting 7 from the total 
number of concepts) by 178, the general percentage of 96 may be found. 
Thus, the group agreed with the writer's concept of mathematical 
implications in science content by approximately 96 per cent. 
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CHAPTER V 
MATHEMATICAL TERMS USED IN SCIENCE TEXTBOOKS 
IN THE INTERMEDIATE GRADES 
Vagueness of Mathematical Terms.-- The study of experiences in 
science which have a mathematical implication necessitates an awareness of 
mathematical vocabulary used in science textbooks. In the analysis of 
science textbooks at the intermediate grade level, various difficulties 
are encountered. These difficulties are primarily due to the vagueness 
of terms used in expressing a science concept with an "implication" of 
mathematics. Sentences with terms 
less 
near 
small 
·recently 
few 
narrow 
as: 
more 
far 
large 
ancient 
several 
Wide 
h~ve certainly mathematical significance. However, a sentence which ex-
plains an idea with specific mathematical vocabulary such as distance, 
average, degree, etc., is far easier to associate with mathematics. 
Definition" of Mathematical Terms.-- The definition of a mathe-
matical word or phrase for the purpose of this study was developed by a 
seminar group after reviewing a list composed of scientific terms with 
mathematical implications from five science textbook series. The de-
finition reads as follows: 
A word or phrase is considered a mathematical term if: 
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1. It contains a definite unit of measurement such as 
biennial or century. 
2. It has a definite mathematical connotation to a 
worker trained in the field of mathematics to 
which the material containing the term belongs; 
and if, also, by the way in which it is used, it 
is appropriate to be included as a term ~~ mathe-
matics which is under investigation or considera-
tion. Thus, neither~ or fathom in "At any 
rate she could not fathom this mistake ••••••• " are 
mathematical terms. 
3. It consists of two or more words, together possess-
ing a mathematical connotation as foot-pounds, square 
measure, or fractional parts. 
Categories of the Vocabulary List.-- Mathematical terms compiled 
from ten science textbook series of the intermediate grades can be 
readily divided into four categories: (1) General Mathematical Vocabu-
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lary, (2} Terms of Measurement, (3) Scientific Apparatus with Mathematical 
Implication, and (4) Scientific Terms with Mathematical Definitions. 
General Mathematical Vocabulary.-- Terms such as percentage, ~, 
weight, meter, million, etc., are definitely words used in the field of 
mathematics. When these words are applied in science, mathematical 
meanings are obviously applied. Words included in this list are of a 
specific mathematical nature. 
Terms of Measurement.-- These words are terms included in the table 
of measures. Scientific terms that have a unit quality or a specific 
equivalent such as foot-pounds, calorie, or light-year are also a part of 
this list. 
Scientific Apparatus with Mathematical Implications.-- A list of 
scientific apparatus is given since the reading of these devices are 
expressed in measurement vocabulary. Mathematics is certainly involved 
when a compass, a barometer, a sextant, or a thermometer are discussed. 
0 
0 
0 
i 
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Scientific Terms with Mathematical Definitions.--- This list'was 
difficult to compose because it entailed judgment as to the significance 
of the mathematical implication. When the implication was not readily 
understood, the word was not included in this list. Terms such as fever, 
focus, zero= meridian, isobars have specific scientific meaning based on 
mathematical concepts. Quite often when these terms were used in the 
science content, they were ~xplained by the application of mathematical 
facts. 
If ~he mathematical connotation was not immediately seen in the ~-
tent material, the writer checked each glossary to be sure that all de-
finitions were mathematical. 
Arithmetic Vocabulary Lists.-- Two lists are available in the field 
of arithmetic itself, which were used as a means of comparison with the 
11 
mathematical terms employed in science. John Herbert Lawson tabulated 
a list of 611 mathematical terms from four arithmetic series of grades 
2/ 
four; five, and six. Agnes Cecilia McCarthy- compiled a list of general 
vocabulary used in arithmetic problems on three textbooks of the fourth 
grade level. These lists were used as a check against the words compiled 
from science textbook series. This comparison is presented in Table 4. 
!I John Herbert Lawson, The Construction and 'Revision of an Arithmetic 
Vocabulary Test for Grades Four, Five, and Six, Unpublished Doctoral 
Dissertation, Boston University, 1958, p. 79-91. 
~/ Agnes Cecilia McCarthy, An Analysis of the Vocabulary Used in Arith-
metic Problems in Three Fourth-Grade Textbooks, Unpublished Master's 
Thesis, Boston University, 1952, p. 16-103. 
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TABLE 4. SCIENTIFIC-MATHEMATICAL VOCABULARY INCLUDED IN LISTS OF 
ARITHMETIC VOCABULARY BY LAWSON AND MCCARTHY 
List 1 General Mathematical Vocabulary 
Lawson's McCarthy's Lawson's McCarthy's 
Word List List Word List List 
accurate X eight X 
addition X X eighth X X 
age X equal X X 
altitude X equation 
a. m. estimate X X 
amounts X exactly X X 
ancient 
approximate X fifth X X 
arithmetic X X figure X X 
average X X first X X 
five 
balance X formula 
below zero X four X 
billion X fourth X X 
fractional 
calculate parts X X 
calibrate 
census graph X 
center X g:a;-oup X X 
chart X X 
circle X X half X X 
clockwise heavy· X 
column X X height X X 
combination X horizontal X 
correct X hundred X X 
cost X hundredth X 
counter 
clockwise incorrect X 
counting X X 
-countless length X X 
curve· X less X 
cylinder line X 
loss 
date X 
diagram X maximum 
decimal X measure X X 
diameter X meter 
dime X X million X X 
distance X X minimum 
division X X minus sign X 
dollar X X money X X I double X X multipli-
• 
cation X X 
I 
I 
I 
e TABLE 4 (continued) 
Lawson's 
Word List 
nautical mile X 
negative 
nickel X 
nineteenth X 
ninth X 
numbers X 
oldest 
one X 
pair 
part X 
per 
percentage X 
point X 
p.m. 
population 
positive 
plus sign X 
point X 
probl~ X 
process X 
quantity X 
quarter X 
radius 
rate X 
ratio X 
records 
relation X 
remainder X 
round X 
round trip 
ruler X 
seven 
seventh X 
shape 
single 
six 
sixth X 
sixteen 
size 
McCarthy's 
List 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Word . 
solution 
speed 
sphere 
spiral 
standard 
standardize 
straight 
substraction 
surface 
ten 
third 
thousand 
thousandths 
three 
time 
timing 
timepiece 
timetable 
time zones 
twelfth 
twenty 
twenty-four 
twice 
two 
underweight 
unit 
value 
velocity 
volume 
whole 
yardstick 
zero 
BOSTON UNIVERSITY 
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Lawson's McCarthy's 
List List 
X 
X X 
X 
X 
X X 
X 
X X 
X 
X X 
X 
X 
X X 
X 
X 
X 
X X 
X 
X 
X 
X X 
X 
X X 
X X 
X X 
TABLE 4 (continued) 52 
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List 2 Terms of Measurement 
Lawson's McCarthy's Lawson's McCarthy's 
Word List List Word List List 
absolute zero mile X X 
acres X X minute X X 
annual X moment 
month X X 
bienn:Ual monthly X X 
moons X 
calendar X 
calorie X o'clock X X 
century X ounce X X 
centimeter X overtime 
cubic millimeter overweight 
cu.bit 
cupful X X perennial 
pint X X 
day X X pounds X 
daytime 
decibel quart X X 
deep X 
degrees X X rod X X 
depth X X 
dew point second X X 
dial square X X 
dozen X X square inch X 
square mile X 
fathom X square yard X 
foot X X standard X 
foot-pounds Standard 
fluid-ounce X candle 
furlong X 
tablespoon X 
gallon X X Teaspoonful X 
gram X time X X 
ton X X 
horsepower total X X 
hour X X trillion 
inch X X underweight 
kilometer X volt 
league Watt X 
leap-year X week X 
light-year weighs X X 
weight X 
measuring cup X width X X 
measuring spoon X 
megaphone yard X 
meter yardstick X 
metric system year X 
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TABLE 4 (continued) 
List 3 - Scientific Appratus with Mathematical Implications 
Lawson's McCarthy's La't-TSOn 1 S McCarthy's 
Word List t..ist Word List List 
altimeter radiometer 
anemometer radiosonde 
rain guage 
barograph 
barometer scale X X 
seismograph 
clock X sextant 
clock, water shadow stick 
code spectroscope 
compass X speedometer X 
spring balance 
dipping needle stop-watch 
sundial 
electrocardio-
gJ:aph 
telegraph 
telescope 
house glass teletype 
thermograph 
inclined plane thermometer X 
thermostat 
lens 
light meter W!:!dge 
wheel and axle 
mecurical watch X 
barometer wet-and-dry bulb 
microscope X thermometers 
wind scale 
Periscope wind vane 
psychrometer 
pulley 
TABLE 4 (continued) 54 
List 4 - Scientific Terms with Mathematical Definitions 
Lawson's McCarthy's Lawson's McCarthy's 
Word List List Word List List 
argonic echo 
air pressure element 
amplify elevation 
apogee elevator 
arctic circle era 
atmospheric expand 
pressure extinct 
atoms 
atom splitting Fahrenheit X 
axle fall X 
axis fever 
focal length 
bacteria focus 
balance diet fossil 
biplane freeze 
boiling X freezing 
boiling point X freezing point ,X 
frequency 
ceiling X frigid 
centigrade X frost line 
centrifugal 
force galaxy 
circulating glacial period 
chain reaction germ 
circuit gravity 
clan (). 
cold heat wave X "'.,.,~ 
' 
cold blooded herd 2 
colony high pressure 
compound area 
compress hill X 
concave horizon 
condense humidity 
constant temp- hyperopia 
erature 
contract ice X 
constellation ionosphere 
convex isobars 
critical size isozonic 
crescent isotope 
crystal 
cycle Kindling 
cyclone temperature 
drag latitude 
declination level 
derrick lever 
descendant lift 
direction X liquid X X 
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TABLE 4 (continued) 
e 
Lawson's McCarthy's Lawson's McCarthy's 
Word List List Word List List 
longitude satellite 
loran school X 
low pressure sea level 
area season X 
semicircular 
magnetic field canals 
magnifying slanting 
mass social 
mass ratio solid 
migrate spring X 
Milky Way stereophonic 
molecules straight X 
monoplane stratosphere 
morning X South Frigid 
multistage Zone 
myopia . streamlined 
summer X 
night X survey 
North Frigid 
Zone temperate 
North Temperate temperature X 
Zone thrust 
torrid 
orbit tropic 
Tropic of 
pasteurize Cancer 
pendulum Tropic of 
perigee Capricorn 
petrified wood Troposphere 
pitch 
prehistoric Ultrasonic 
pull X vibrations 
pulley 
pulse variable tempered 
push 
warm-blooded 
radar water table 
recede windlass 
reduce X winter X 
reflect 
region zero gravity 
revolution X zero meridian 
rotation zones 
• 
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Table 5 summarizes the vocabulary study by showing the total number and 
their percentages of scientific-mathematical words found in the arithmetic 
series. The total of the complete list is not indicated as each list deals 
with a specific mathematical implication. 
TABLE 5 PERCENTAGE COMPARISON OF SCIENTIFIC-MATHEMATICAL VOCABULARY 
TO ARITHMETIC VOCABULARY 
Total No. No. Found Per No. Found in Per 
Compiled Lists of Words in Lawson's Cent McCarthy's Cent 
List List 
1. General Mathematical 
Vocabulary 144 85 59.0% 82 56.9% 
. 
2. Terms of Measurement 77 51 66.2% 29 37.7% 
. 
3. Scientific Apparatus 
with Mathematical 
Implications 44 1 2.3% 7 15.9% 
4. Scientific Terms 
with Mathematical 
Definitions 151 7 4.6% 18 11.9% 
The comparison of scientific-mathematical vocabulary to the actual 
vocabulary used in arithmetic series indicates: 
1. That 59.% and 56.9% of the 11General Mathematical Vocabulary" list 
were found in Lawson's and McCarthy's lists respectively. 
2. That 66.2% and only 37.7% of the 11Terms of Measurement" list were 
included in the arithmetic textbooks used by Lawson and McCarthy 
respectively. The deduction may be made that either more measure-
ment terms must be taught in the science program or that the 
arithmetic lessons must be extended to cover these words. 
3. That a small percentage of "Scientific Terms with Mathematical 
Implications" and "Scientific Terms with Mathem9-tical Defini-
tions" are found in the arithmetic series. This:Y~xpected, as 
these terms belong more specifically to science than to mathe-
matics. 
•• 
Words such as calibrate, calculate, cylinder, formula, sphere, 
radius, etc., used in the science textbook series are not explained in 
the arithmetic series. This makes one question if the children have 
sufficient arithmetical background to understand science concepts ade-
quately. 
Further, terms such as eguation, numeral, ratio, diameter, radius, 
etc., seem to be mentioned rather frequently in the newer mathematical 
programs. there may be a higher correlation of scientific-mathematical 
vocabulary in recent mathematics projects. 
Summary of the Findings from Chapter IV and V.-- From the previous 
studies the following conclusions may be drawn: 
1. Series differ in the amount of mathematical content in-
cluded in the science program at the intermediate level. 
In the three series analyzed for this study approximately 
42.0 per cent of the science content is mathematical. 
a. The units of Astronomy, Energy, (Light, ~' 
and Sound) Weather, and Prehistoric Times and 
Rocks and Minerals, in decreasing order, con-
tain the most mathematical content. The units 
of~' Conservation, Healthful! Living, and 
Living Things, in increasing order, contain 
the least amount. 
b. The units including the most subject matter con-
cepts to be taught ar1~ Living Things, Prehistoric 
Times and Rocks and Minerals, Electricity and Magna-
~' and Astronom~, in decreasing order. 
c. The group study indic~ted that there can be a gen-
eral agreement as to a mathem~tical concept in 
science when the 11How much, how far, how fast, and 
the how larg-o~ 11 are considered the criteria for de-
ciding on a mathematical concept. 
2. Many mathematical terms applied in science textsbooks h~ve not 
been covered in arithmetic. It may be possible that further 
integration of these two fields is necessary. 
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Limitations of Study.-- An exploration of mathematics in science at 
the intermediate grade level is a fascinating but broad area. A subject 
of this nature cannot be exhausted. Also it is hampered by the following 
limitations: 
1. The concept ·of mathematics varies from person to person. 
2. A concise definition of a mathematical term is not 
available. 
3. The grade placement of subject matter appears to be 
a matter of authority and not experimentation. Re-
search does not indicate where and what concepts 
should be taught. 
Recommendations for Further Study.-- In view of these findings, the 
following are recommendations for further study: 
1. A correlation of the arithmetic vocabulary in the newer 
mathematics programs with the vocabulary in recent science 
textbooks might indicate whether there now exists a better 
correlation between these two programs. 
2. A study might be conducted to test whether the arithmetic 
background of boys and girls is sufficient to understand 
the science content material adequately. 
3. A major area of concentration could be a study of selected 
problem-solving activities involving mathematics-in-science. 
This study could lead to an approximate measurement of the 
capabilities of children to understand mathematics in science. 
4. An interesting survey might be made to explore how much mathe-
matics a teacher does stress in the teaching of science. 
5. A list of science activities might be constructed which 
would indicate which science areaslend themselves best to 
the interpretation and construction of graphs. 
Q. Mathematical problems at the ~ntermediate grade level 
could be explored which would be best suited for the com-
prehension, construction, and interpretation of formulae. 
7. The mathematical background needed to understand the 
"Scientific Terms with Mathematical Definitions" 
might be explored. 
0 
0 
0 
8. Since the metric system is being introduced more 
frequently in intermediate science textbooks, a 
comprehensive study of the metric system, including 
suggestions for successful teaching procedures at 
this level, would be welcome. 
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APPENDIX A 
List of Science Concepts with Mathematical Implications 
Astronomy 
1. All things attract each other by a force which is cal~ed gravity. 
2. Any distant object can be measured if it can be seen from two 
places and if you know the distance between the two places. 
3. The rate at which light travels is constant. It can be used as 
a standard unit for measuring distance. 
4. A light year is the distance that light travels in one year. 
5. Each of the nine planets in our solar system differ in size and 
temperature. Each travels around the sun in a path of its own, 
called its orbit. Some of the planets have one or more moons. 
6. The earth rotates on its axis as it travels around the sun. 
These two motions bring night and day and the changing seasons. 
7. The earth orbits around the sun once a year, and the moon orbits 
the earth in about ~our weeks. The moon travels around the sun 
along with the earth. 
8. The exact orbit and speed of the earth and moon can be calculated. 
These calculations have been used to predict the solar and lunar 
eclipses for thousands of years to come. 
9. Stars in constellations appear to be a part of a single group; 
they are, however, millions of miles apart. 
10. A huge group of stars is known as a galaxy. 
11. The Milky Way consists of a great number of stars. Their great 
distances from the earth make them appear pale and dim. 
12. Our solar system is about halfway between the center of the Milky 
Way system and its rim. 
13. The Milky Way system, made up of billions of suns, is moving 
through space as one big unit. The whole system is also turning 
like a huge wheel around its center, with each S:a.r moving along 
its own path. 
14. The universe is made up of all groups of galaxies. 
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Weather 
1. The climate is the average weather of a place. 
2. Huge bodies of air masses are produced by the unequal heating of 
different parts of the earth. This causes different kinds of weather. 
3. The rotation of the earth affects the movement of air masses. 
4. In the Northern Hemisphere winds circle in a clockwise direction 
around high-pressure areas and counter-clockwise direction around 
low-pressure areas. The opposite is true in the Southern Hemisphere. 
5. The seasons change according to the amount of energy that reaches 
each region from the sun. 
6. The number of hours of daylight varies on all parts of the earth. 
7. The atmosphere exerts a great amount of pressure on the surface 
of the earth. 
8. Air has weight. 
9. A certain amount of warm air weighs less than a certain amount of 
cold air. 
10. Warm air rises; it also contains more water than cold air. 
11. Clouds have various depths and heights. They indicate different 
kinds of weather. 
12. The height of the clouds above the ground is called the ceiling. 
Glouds contain millions of tiny drops of water. 
13. Solids, liquids, and gases expand by heating, and contract by 
cooling. 
14. Scientists measure the temperature of the air by a Centigrade 
or Fahrenheit thermometer, the amount of humidity by a hygrometer, 
the amount of rain and snow by a rain gauge, the speed of wind by 
an anemometer, the direction of the wind by a wind vane, and the 
weight of the air by a barometer. 
15. In all places along an isobar, the atmosphere has the same weight 
or pressure. 
16. The distance one can see is called visibility. 
17. Predicting the weather ahead of time is called forecasting weather. 
Weather (continued) 
18. Low air pressure indicates probable cloudy or rainy weather and 
high air pressure indicates probable clear weather. 
19. Careful recording of weather measurements for many years help 
in predicting future weather. 
Plants 
1. All plants are affected by the various amounts of heat, light, 
and water that is received by a region. 
2. Annual, biennial, and perennial describe plants that live one, 
two or more years. 
3. To insure survival, annual plants produce many seeds. 
4. MOre than half the plants on the earth reproduce by means of seeds. 
5. Wind carries seeds long distances. 
6. ~ere are many kinds, shapes, and sizes of leaves. 
7. The smallest plants are called fungi. 
8. There are thousands of different kinds of bacteria. 
9. In the oceans and seas there are vast numbers of algae called 
diatoms. 
Animals 
1. There are far more kinds of insects than all other kinds of 
animals put together. 
2. In cold-blooded animals, the body temperature changes with the 
surroundings. 
3. In warm-blooded animals, the body temperature remains about the 
same, regardless of the surroundings. 
4. Some animals live in colonies, in herds, in packs, or in schools0 
5. During hibernation the body temperature of warm-blooded animals 
may be lowered. 
6. Burrows are usually below the frost line. 
63 
Animals (continued) 
7. Many birds travel great distances each year. The length of the day 
may be one cause for the migration of birds. 
8. The elephant is the largest of all land animals and the giraffe 
is the tallest. The whale is the largest animal that lives in the 
water. 
Plants and Animals 
1. A community generally supplies all needs of animals and plants. 
2. The balance of nature may be upset by man. 
3. Through the inter-dependence of plants and animals the oxygen 
and carbon dioxide remain about the same, and the nitrogen supply 
is balanced. 
4. The heating and cooling of the sea by the sun's energy determines 
where food will be most plentiful for animal~. 
5. Plants grow throughout their lives and animals to a certain size. 
Healthful Living 
1. Cell~ have many shapes and sizes. Our bodies are made up of 
billions of cells. 
2. Groups of cells in our body form tissue and organs. 
3. In the human body, cells grow larger and divide; some merely 
grow larger. 
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4. Old cells are replaced; new cells add height and weight to a person. 
5. When we exercise, the cells use oxygen rapidly. 
6. A written record of our heartbeat may be made by an electrocardiograph. 
7. Biood carries hundreds of different material to supply the needs 
of the many different cells. 
8. A healthy person's blood has approximately five million red cells 
in a cubic millimeter. There are usually one or two white cells 
to each thousand red ones. 
9. Where arteries are near the surface of the skin, the surges of 
blood can be counted. 
HealthfulrLiving (continued) 
10. Disease germs can multiply rapidly. They feed, grow, divide, and 
become millions within a single day. 
11. Disease germs may be placed on food where they grow in large 
numbers. This is called a culture. 
12. Perspiring helps the body to remain at 98.6° F. on a hot day. 
13. Boys and girls need nine to eleven hours of slee~ every night. 
14. Each person grows at a different rate. There is no single right 
weight or height for ~rybody at the same age. 
15. Today's boys and girls are usually a little taller than their 
parents. 
16. The pituitary gland, which controls growth, secretes a special 
liquid for about twenty years or until we are full grown. 
17. Unhappy feeling may result in a loss of appetite or weight. 
1. All foods come originally from the green plant. 
2. Many different kinds of foods are needed to satisfy our body's 
needs. 
3. Although the body needs only tiny amounts of each vitamin, each 
one is very necessary. 
4. Some diseases are caused by the lack of specific ·vitamins. 
5. The amount of food the body needs is determined by the energy 
in the food. A calorie is a measure of heat energy. 
6. A calorie is the amount of heat needed to raise one gram of 
water to one degree centigrade. 
7. The amount of food a person needs depends on age, size, and 
activity of the person. 
8. There should be a good balance between what you eat and what 
your body uses as energy. 
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Prehistoric Time 
1. The age of the earth is determined by studying changes in radio-
active rocks that release energy at a rate that never varies. 
2. Geologists think that the earth is about four to five billion 
years old. 
3. Not many fossils have been found of the earliest living things. ~ 
4. Geologists obtain clues about how and When rocks were formed by 
the imprints of sea creatures. 
5. Sea animals appeared first on earth. 
6. Thick and swampy forests formed our present day coal beds. 
7. The period When ma~y amphibians lived on the land is called 
the "Age of Amphibians". 
8. Reptiles, Which ruled the world for 150 million years, were 
huge and ferocious. 
9. At one time in the earth's history was the great ice period, 
which changed much of the surface of the land as itswept south-
ward. 
10. Skeletons of early man have been uncovered during the last 
hundred years. Man appeared last in the creation of living things. 
Rocks and Minerals 
1. The great pressure inside the earth is caused by the weight of 
the rocks. 
-
2. Inside the earth the temperature is so high that some of the 
material is in liquid form. 
3. The cones of volcanoes may be gentle When only built by lava 
or steep When built by both lava and cinders. 
4. Large crystals are formed inside the earth, When magma cools 
slowly,and small crystals form when magma cools rapidly. 
5. A volcano which has been inactive for thousands of years is 
ext;i.nct. 
6. A volcano may grow ve~y fast. 
7. Every year there are about 15,000 earthquakes. These may be 
measured by a seismograph. 
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Rocks and Minerals (continued) 
8. The crust of the earth is perhaps 40 to 50 miles thick, and the 
mantle layer beneath the crust is about 1,800 feet thick. 
9. Not more than 12 feet of soil can be found in most places. 
10. There is a balance between the building up and the wearing 
away of soil. 
11. The forces of erosion make high land to low land. 
12. Expansion and cooling cause. rocks to break •. 
13. MUch rock, soil, sand, mud and other particles are carried 
away by fast moving rivers. 
Conservation 
1. Many wildlife refuges are established by the governm~nt and 
other organizations to protect animals that are becoming extinct. 
2. Our fields and forests were carelessly used for many years. 
3. Water must flow slowly to soak into the soil and reach the plants. 
4. Sloping ground must be plowed to slow down the flow of water to 
conserve the topsoil. 
5. Some places have too much water; other places do not have enough. 
6. Rushing water carries with it large amounts of soil, sand, and 
rocks. 
7. Protection against floods requires the cooperation of people 
over many hundreds of miles of land. 
8. In the years to come we may depend upon the sea for food. 
Light and Heat 
1. For thousands of years man has been using atomic energy from 
the sun. 
2. A tremendous amount of energy can be realized from nuclear 
reactions. 
3. The mass of hot gases on the sun makes nuclear reactions 
possible on the sun. 
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Light and Heat (continued) 
4. The parts of an atom were difficult to ascertain because of its 
small size. 
5. There are millions of atoms in a small piece of wood and these 
move all the time. 
6. The atomic number is obtained by counting the number of protons 
in the nucleus of an atom of the element. 
7. Atoms which are alike except in atomic weight are called isotopes. 
8. Light travels in a straight line •. 
9. When the distance from the'light source is doubled, the intensity 
of light becomes 1/4 its original value. 
10. The force of light can be measured; some of this force is due to 
the speed of light. 
11. When the beam of light shines directly on a mirror, it is reflected 
straight back along the same path. When a beam of light hits a 
mirror at a slant, the light reflects at a slant in the opposite 
direction. 
12. Sunlight is composed of many colors. 
13. A prism, which reduces the speed of light, bends light and 
separates it into its various colors. 
14. ·tenses can be made so that an object appears•larger or smaller. 
15. The iris of the eye adjusts to the varying amounts of light. 
16. A point where rays of light meet is called i~focus. The focal 
length is the distance of the focus from a lens or mirror. 
17. The temperature determines whether an object is a solid, liquid 
or gas. 
18. Most substances expand when heated and contract when cooled. 
19. Burning occurs when a substance has, reached its kindling temper-
ature and combines with oxygen. 
Sound 
1. Rapid vibrations produce sounds. 
2. A decibel measures the loudness of sound, 
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Sound (continued) 
3. The number of times an object vibrates is called its frequency. 
4. Pitch depends on the number of vibrations per second. A thicker 
object will vibrate a fewer number of times per second than a thinner 
object of the same length. When two objects are of the same thick-
ness, the shorter object has the higher pitch. 
5. The tension of·an object determines pitch. 
6. Sound travels more rapidly through water or solids, than it 
does through air. 
7. Depth of the ocean may be measured by determining the speed of sound 
from the surface of the water to the bottom of the ocean. 
8. Stereophonic pertains to sound that comes from two or more directions. 
Electricity and Magnetism 
1. When a substance gives up electrons, it becomes positively charged. 
2. When a substance takes on electrons, it becomes negatively charged. 
3. Large amounts of electricity for home and factory use are generated 
in power plants by dynamos. 
4. Volt is the unit of measuring the force of an electric current. 
5. A magnetic field surrounds a wire carrying a current of elec-
tricity. 
6. Watts is the amount of electric energy needed by an electric 
appliance. 
7. The earth's magnetic field extends for quite a distance, but it 
becomes weaker as it extends out into space. 
8. A compass is a device which allows man to use the earth's magnatism. 
9. There have been chapges in the earth's magnetism f~om year to year. 
10. Electricity will take the shortest path back to its source. 
11. All fuses contain a strip of metal that melts quickly when too 
much current flows through it. 
12. A. c., or alternating current, is a kind of current that changes 
its direction rapidly. 
-~-------- --- --
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~ 13. Stronger electromagnets may be made by sending more electricity 
through the wire and by increasing the number of turns of wire around 
the iron. 1 
0 
14. An electric eye is a device that can count a number of people, cars, 
etc., that pass a certain place. 
15. Lightning moves thousands of miles in one second, which causes the 
heating and expansion of air. The expanding and moving air makes 
a rushing noise knotqn as thunder. 
Simple Machines 
1. Today's power machines are combinations of simple machines that 
man has used for thousands of years. 
2. Machines make work easier by increasing force, by increasing 
speed, or by changing the direction of a force. 
3. Some machines do not change the amount of force, but do change 
the direction of the force to make work easier. 
4. Men are able to raise heavy things by use of an inclined plane. 
5. In a lever the closer the fulcrum is to the load, the less force 
is needed to move the load. 
6. With a fixed pulley a weight is lifted up by pulling do~; thus, 
the direction of the pull is changed. MOvable pulleys, which 
travel up and do~, raise still heavier weights. 
1. The wheel-and-axle combination are ~enerally used to increase 
force·. 
Chemistry 
1. 
2. 
3. 
4. 
5. 
Everything that takes up space and has weight is matter. 
Each element is composed of only one kind of atom. 
A chemical substance composed of two or more elements is called a 
compound. There are countless numbers of chemical compounds. 
A mixture contains one or more substances with each retaining its 
original form. 
A special combination of atoms make up a molecule. 
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Chemistry (continued) 
6. A solid has a definite shape and volume, as the molecules move 
about less freely. 
7. A liquid has a definite volume, but it takes the shape of the 
container. MOlecules of a liquid move about more freely than 
molecules in a solid. 
8. A gas has no definite volume or shape as the molecules move 
freely about. 
9. The temperature at which a liquid is changed to a solid is 
called the freezing point. 
10. The temperature at which burning starts is called the kindling 
temperature. Substances have different kindling temperatures. 
Transportation 
1. Bernoulli's principle says that the faster a fluid moves, the 
less pressure it exerts. 
2. Newton's third principle states that for every action there is 
an equal and opposite reaction. 
3. In an airplane the distance over the top of the wing is greater 
than the distance under the wing. 
4. A plane will fly if the thrust and lift is greater than the 
force of drag and gravity. 
5. Some jet planes can travel faster than sound. 
6. Lack of oxygen at high altitudes has caused many difficulties 
in conquering space. 
7. The force of gravity is measured by weighing an object. 
8. The upward force of water is measured by weighing the displaced 
water. 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
APPENDIX B 
Quantitative Facts Found In Elementary Teaching 
Air contains 78% nitrogen, 21% oxygen, and 1% of other gases. 
At sea level air exerts a pressure of 15 pounds per square inch. 
For every mile of altitude, temperature drops 17° F. 
A rocket must have a speed of a least 25,000 m.p.h. to escape 
the force of gravity. 
Air pressure at sea level can support a column of water up to 
about 34 feet. 
As mercury is 13 times heayier than water, the weight of the 
air will hold it up in a tube to about 29 or 30 inches. 
On a Fahrenheit scale thermometer, water freezes at 32°F. and 
boils at 212° F. Absolute zero is at -459.6° F. 
The temperature at which any solid changes to a liquid is called 
its melting point. The melting point of ice is 32° F. 
The temperature at which boiling occurs is called its boiiliing 
point. Water boils at 212°~. 
On a Centigrade scale thermometer, water freezes at 0° C., and 
boils at 100° C. Absolute zero is at -273° C. 
As water cools, it will contract until it reaches 4° c. As it 
cools further from 4° C. to 0° C., it will expand. 
12. About 75% of the earth is water. 
13. MOre than 70% of the weight of certain plants is made up of water. 
14. The core of the earth has a temperature of at least 10,000° F. 
15. The ocean depth is measured in fathoms, each of which is six feet 
long. One of the deepest parts of the oceans is the Mindanao Deep, 
a long trench near the Philippine Islands. It is about 5,700 fathoms 
deep, while Mt. Everest, the highest monntain on land, is about 
29,028 feet. 
16. The sun, the nearest star to earth, is 93,000,000 miles away. 
17. The moon is about 240,000 miles away from the earth. 
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Quantitative Facts (continued) 
18. The diameter of the sun is 864,000 miles, the earth's diameter is 
about 8,000 miles, and the moon's diameter is about 2,160 miles. 
19. The temperature of the sun is probably around 10,000° F. 
20. Light gives the best standard for measuring distances in space 
as it has a constant rate. Light travels at the rate of 186,000 
miles per second. 
21. Light moves through water at 140,000 miles per second. 
22. The inclination of the earth is at an angle of 23 1/2°. 
23. It takes 365 1/4 days or a year for the earth to revolve around 
the sun. 
24. It takes the earth 24 hours or a day to rotate around its axis. 
25. The earth spins 19 miles per second and covers more than 1,100 
miles a minute. 
26. It takes the moon about 28 days to circle the earth. 
27. Twice each day the water moves high up on land. This is high tide. 
28. The longest day is on June 21, since the sun is overhead at the 
Tropic of Cancer. In winter the sun is very low in the sky; the 
shortest day is December 22. 
29. On or about September 23 and March 21, the sun rises at six in 
the morning and sets at six in the evening. At this time the 
sun is exactly over the equator and gives to each point of the 
earth 12 hours of sunlight. 
30. As one travels from one time zone to the next, an hour is lost 
going to the east and one hour is gained traveling west. 
31. On earth there are 92 natural elements; there are 103 elements 
including artificial ones. 
32. The atomic weight and mass of an element may be obtained in 
the following manner: 
For example: oxygen has 8 protons (atomic number) 
8 neutrons 
16 (atomic mass) 
33. Both the neutron and the proton have weight or mass; each is 
about 1,836 times heavier than the electron. 
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Quantitative Facts (continued) 
34. Sound waves travel through the air at about 1,100 feet a second 
and through water at about 4,800 feet a second. 
35. An object must vibrate between 16 times a second and twenty 
thousand times a second in order that it can be heard. 
36. Normal body temperature is 98.6° F. Increase in body temperature 
is fever. 
37. A unit for measuring heat especially from foods is called a calorie. 
A ten-year-old boy or girl needs about 2,500'calories each day. 
38. When milk is heated to 140°F. for 30 minutes, cooled quickly, and 
put in air-tight bottles, the milk is pasteurized. 
39.. To produce one inch of topsoil takes from 300 to 1,000 years, but 
it takes little time for wind and water to carry one inch of top-
soil away. 
40. A foot-pound is the work done when a force of one pound acts 
through one foot. 
41. A horse can do about 33,000 foot-pounds of work per minute. 
This is called horsepower. 
~ 42. To stop the momentum of a car going 20 miles an hour, 30 feet are 
needed. 120 feet are needed to stop a car going 40 miles an hour. 
43. An echo can only be formed when the object producing the sound 
vibrations is at least fifty-five feet away. 
44. A centimeter is a hundredth of a meter. About 2 1/2 centimeters 
make an inch. 
45. 1,000 meters make a kilometer. One kilometer equals about 5/8 
of a mile. 
46. 28 grams weigh about one ounce. 
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APPENDIX C 
Important Mathematical Experiences Found in 
Ten Intermediate Grade Textbook Series 
Title Grade Publisher 
"Models of the Solar 5 Lyons and 
System" Carnahan Co. 
Miniature Models of 4 The Macmillan 
Planets Company 
Comparative Sizes and 4 Lyons and 
Distances of the Earth, Carnahan Co. 
Moon and Sun 
"How the distance of the 6 The Macmillan 
sun affects the tempera- Company 
ture on the planets" 
"Sizes ,and Distances of 4 The John C. 
Earth, Moon and Sun" Winston Co. 
"Distances in Outer 4 American Book 
Space" Company 
"The Meaning of Distance" 4 American Book 
Company 
"How we Measure Distance" 4 American Book 
Company 
"Units For Measuring 4 American Book 
Length11 Company 
History of Measurement 4 American Book 
Company 
''Measuring Distance 4 American Book 
by Time" Company 
Explanation of Rate 4 .American Book 
Company 
''Measuring Distance 6 The Macmillan 
in Space11 Company 
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Date Page 
1960 122-124 
1959 100 
1960 96-97 
1959 220 
1956 183-185 
1961 20-30 
1961 2 
1961 4 
1961 7 
1961 11-12 
1961 15-19 
1961 17-18 
1959 204 
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Subject Title Grade P"ulHii.shet. , • Date Page 
Astronomy 
(cont 1d) 
"Question-and-Answer 6 The Macmillan 1959 208-209 
Chart about the Nine Company 
Planets" 
11About Mars" 5 Ginn and Co. 1961 79-80 
·~at Keeps the Earth, 4 The John C. 1956 179-181 
Moon, Planets, and Winston Co. 
Sun in Place?" 
11The Shape of Our 6 Ginn and Co. 1961 110 
Galaxy11 
Judging Distances of 6 Ginn and Co. 1961 106 
Stars 
Working with Light 6 L. W. Singer 1962 295 
Years Company 
Studying perspective 6 L. W. Singer 1962 293 
Company 
What is a foot-candle'l 6 L. w. Singer 1962 268 
Company 
Using a Star Map of 4 The John C. 1956 1:77 
the Northern Sky Winston Co. 
"The Calendar in the 6 D. c. Heath 1956 49 
Sky" and Company 
"The Clock in the Sky" 4 Harper and Row 1963 60-62 
"Time and Rotation" 4 Harper and Row 1963 52-58 
"Minute by Minute"' 4 Harper and Row 1963 63 
"Revolution of the Earth" 4 Harper and Row 1963 64-65 
"Days, Years; and Months 11 6 Allyn and Bacon 1960 32-35 
0 
11Standard Time" 6 Allyn and Bacon 1960 40 
"Studying the Four 6 Allyn and Bacon 1960 40 
Time Zones in the U.S. 11 
) 
"The Earth is a Clock11 4 Ginn and Co. 1961 73 
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Subject Title Grade Publisher Date Page· 
Astronom;y: 
(cont'd) 
Constructing a Simple 4 Ginn and Co. 1961 85 
Water Clock 
Studying the Length of 4 Ginn and Co. 1961 85 
a Shadow 
Studying a Shadow 6 D.C. Heath 1956 251 
and Company 
Constructing a 6 Allyn and Bacon 1960 30-31 
Shadow Clock 
"The Sundial" 4 Harper and Row 1963 59 
"Gravity" 4 Lyons and 1960 109-ll4 
Carnahan Co. 
''Meteors Visit the Earth" 5 Ginn and Co. 1961 84-86 
"Why is the Earth Round'l" 4 Lyons and 1960 90-92 
Carnahan Co. 
"Do heavy objects fall 
faster than lighter ones?" 6 The Macmillan 1959 5, 7 Company 
Ways of Controling the 6 The Macmillan 1959 225-227 
Weightlessness in Space Company 
Space Station 6 The Macmillan 1959 23 
Company 
The Age of Space Travel 6 The Macmillan 1959 232-234 
Company 
''Measuring Empty Space" 6 D.C. Heath 1956 274 
Company 
"The first step into space" 6 L. w. Singer 1962 336-338 
Company 
International Geophysical 6 L. w. Singer 1962 10-12 
Year Company 
"What is the shape of 6 L. W. Singer 1962 330-331 
the orbit?" Company 
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0 Subject Title Grade Publisher Date Page 
Astronomx 
(cont'd) 
. 
Forming a focus 5 L.W. Singer 1962 174 
Company 
Weather 
"How the earth moves 6 Ginn and Co. 1956 41-43 
about the sun" 0 
"How the Earth Moves" 6 Ginn and Co. 1956 46-50 
"September 23 Everywhere" 6 Ginn and Co. 1956 44-46 
11Air Temperature 6 Harper and Row 1963 38 
Temperatures and Layers 6 Harper and Ro'tv 1963 40-42 
of the Atmosphere 
Checking Temperature in 4 D.C. Heath 1956 8 
Sunlight and Shade and Company 
0 Studying Temperature 4 D.C. Heath 1956 10 Increase in Soil and Land and Company 
''Measuring Air Temperature" 4 The Macmillan 1959 229-230 
Company 
Compa~~ng Fahrenheit and 4 Lyons and 1960 154 
Centigrade Thermometers Carnahan Co. 
Fahrenheit Scale 6 Ginn and Co. 1961 82 
Working with Different 6 American Book 1961 131-133 
Thermometers Company 
"Air Has Weight" 5 Lyons and 1960 181 
Carnahan Co. 
"How Hard does Air Press1" 4 Ginn and Co. 1961 92-93 
"Barometers and How 6 D.C. Heath 1956 311 
They Work" and Company 
"Building a Barometer" 6 D.C. Heath 1956 318-319 
and Company 
0 Constructing a Barometer 5 Lyons and 1960 186-188 Carnahan Co. 
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Weather 
(cont 1 d) 
Height of Clouds 6 Harper and Row 1963 64-65 
'~easuring the MOisture 6 D. C. Heath 1956 320-322 
in the Air" and Company 
''Measuring Precipitation" 5 The M.acmi llan 1959 62-64 
Company 
Construction of a Hair- 5 The Macmillan 1959 70-71 
hygrometer Company 
"Finding the Relative 6 The Macmillan 1959 21-22 
Humidity"' Company 
''Measuring Humidity" 6 Harper and Row 1963 52-55 
Reading a "Relative 6 The Macmillan 1959 22 
Humidity Chart':' Company 
0 "How we Measure 6 American Book 1961 309-3ll Relative Humidity" Company 
''Measuring Speed" 4 Harper and Row 1963 35 
"A Wind Scale" 5 Ginn and Co. 1961 49 
Speed in Miles Per Hour 6 L.W. Singer 1962 40 
and the Effect on a Flag Company 
"How Do We Get Warm 6 The Macmillan 1959 25 
by Convection" Company 
Making an Anemometer 4 The Macmillan 1959 221 
Company 
''Weather throufil the Year" 5 Ginn and Co. 1961 54-55 
A Chart to Forecast Weather 4 The John C. 1956 244 
Winston Co. 
"Keeping Weekly Weather 5 Ginn and Co. 1961 52-53 
Records" 
Weather reading chart 5 Ginn and Co. 1961 51 
0 ''Making Your Weather 6 D.C. Heath 1956 328-329 Forecast" and Company 
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Subject Title Grade Publisher Date Page 
Weather 
(cont 1d) 
Keeping a 4 D. C. Heath 1956 32 
"Weather Record" and Company 
1
'Make a Weather 4 The Macmillan 1959 240 
Record Chart 11 Company 
1~eeping Weather 5 Ginn and Co. 1961 46-47 
Records 11 
Explaining Radar 6 D. C. Heath 1956 327 
and Company 
Plants 
Recor~ing Growth of a 6 Ginn and Co. 1961 53-54 
Sunflower 
Constructing a Chart 4 Ginn and Co. 1961 49 
of annual, biennial 
and perenial plants 
Recording Seed Growth 4 Ginn and Co. 1961 183-134 
How much light is 5 Allyn and Bacon 1960 251 
needed by houseplants? 
Length of Day Affects 6 Ginn and Co. 1961 64-65 
Plants 
Animals 
Life Span of Different 6 Harper and Row 1966 180 
Animals 
Ranges of Body Temperatures 6 Ginn and Co. 1961 82-83 
of Squirrels, Woodchucks, 
and House-cats 
Studying Growth of Embryo 6 Harper and Row 1963 205-206 
1
'Making a Bird Calendar11 6 All)ll and Bacon 1960 252 
Chart for 11Sizes and 6 Allyn and Bacon 1960 258 
Location for Birdhouses 11 
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0 Subject Title Grade Publishers Date Page 
Plants and Animals 
"Constructing an 5 Ginn and Co. 1961 160-161 
aquarium" 
Temperature Affects 6 Ginn and Co. 1961 149-150 
the Conununi ty 
Studying a Twelve- 6 Ginn and Co. 1961 163 
Inch Square Section 
of Soil 
11Balance of Nature11 4 John C. 1956 99 
Winston Coo 
Balance of Nature 5 American Book 1961 203-208 
Company 
Enlarging Objects 4 Harper and Row 1963 146-147 
Healthful Living 
0 Conserving Body Heat 4 The Macmillan 1959 65-66 Company 
Experimenting with 4 The Macmillan 1959 66-67 
Air, Heat and Conserving Company 
Body Temperature 
"Height of our Fathers" 5 Ginn and Co. 1961 257 
''What happens when you grow?'Q L.W. Singer 1962 132-133 
Company 
The Body Grows throughout 6 L.W. Singer 1962 135 
the Year Company 
Your Growth 6 D. C. Heath 1956 249 
Company 
Measuring Rate of Breathing 6 D. c. Heath 1956 156-159 
Company 
Counting Number of Breaths 6 L.W. Singer 1962 158 
Company 
0 
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0 Subject. Title Grade Publisher Date Page 
Healthful Living 
(cont 1d) 
The Tiring of Muscles 6 L.W. Singer 1962 156 
Company 
Protein Content in Food 6 The Macmillan 1959 126 
Related to Cost of Food Company 
Food 
•no Plants receive every- 6 The Macmillan 1959 239-240 
thing they need from soil'Z'" Company 
"Testing Seeds11 for 6 The Macmillan 1959 244 
Germination Company 
Feeding Hamsters 5 Harper and Row 1963 256 
Different Foods 
11Sand fi~ter" 4 The John C. 1956 145 
Winston Co. 
0 Keeping a Weight and 4 The John C 1956 140 
Height Chart Winston Co. 
Recording your diet 4 The John C. 1956 141 
Winston Co. 
Does the Kind of Food 4 The John C. 1956 ll7' 
Make a Difference in the Winston Co. 154-155 
Growth of Rats? 
Prehistoric Times and 
Rocks and Minerals 
"Charts of Early Man" 4 American Book 1961 ll4 
Company 
"The Geological Calendar" 5 Harper and Row 1963 194 
"Erosion by Glaciers" 5 American Book 1961 25-29 
Company 
Formation of the Earth 6 The Macmillan 1959 267 
Company 
0 "Telling the Age of the 5 The John C. 1956 212-215 
Earth" Winston Co. 
83 
Subject Title Grade Publisher Date · Page 
Prehistoric Times and 
Rocks and Minerals 
Age of Streams 5 Allyn and Bacon 1960 55 
Measuring the Depth 6 The Macmillan 1959 269 
of the Ocean Company 
How Does a Seismograph 6 L.W. Singer 1962 201-202 
Work'l Company 
Conservation 
Finding the Water Level 4 The John C. 1956 181 
Winston Co. 
Taking a Census of Trees 5 The Macmillan 1959 216 
in the Community Company 
Taking a Census of Animals 5 The Macmillan 1959 208 
Company 
Quantity of Water Used by 6 Ginn and Co. 1961 170-171 
Animals, Plants and Indus-
tries. 
World Distribution of 6 Harper and Row 1963 161 
Precipitation 
Light and Heat 
Measuring Heat in 5 Harper and Row 1963 30-32 
Calories 
"Experimenting with 5 Lyons and 1960 145 
Heat Transfer" Carnahan Co. 
'~ore About Expanding 5 Ginn and Co. 1961 32-.13 
and Contracting" 
Constructing a Thermometer 5 L.W. Singer 1962 102-103 
Company 
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Sound 
'~easuring the Volume 
of Sound" 
'~at makes a high and 
low pitch?" 
How is a musical sound 
formed? 
Sounding the depth of 
the ocean 
"Echo soundings" 
Timing thunder and 
echoes 
Electricity and Magnetism 
'~easuring Magnetic 
Declination" 
Studying the angle of 
dip for particular area 
Amount of Voltage 
Measuring how much light 
a light bulb gives off 
Simple Machines 
Experimenting with 
Levers 
"Levers" 
6 
6 
6 
4 
5 
4 
6 
6 
4 
4 
4 
4 
"More levers for weighing" 4 
How does a lever work! 
Parts of a lever and ex-
perimenting with levers 
6 
6 
The Macmillan 1959 95 
Company 
D. C. Heath 1956 5 - 7 
and Company 
L.W. Singer 1962 122-124 
Company 
Ginn and Co. 1961 198-199 
Harper and Row 1963 229-230 
Lyons and 1960 142 
Carnahan Co. 
Harper and Row 1963 95 
Harper and Row 1963 99 
Harper and Row 1963 187 
The Macmillan 1959 144-145 
Company . 
Harper and Row 1963 211-217 
Allyn and Bacon 1960 158-159 
Allyn and Bacon 1960 160-161 
Ginn and Co. 
L.W. Singer 
Company 
1961 220 
1962 114-115 
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SimEle Machines 
(cont'd) 
Three kinds of levers 6 L.W. Singer 1962 114-115 
Company 
Pulleys make work easier 4 Lyons and 1960 19 
Carnahan 
Experimenting with Pulleys 6 L.W. Singer 1962 117-119 
Company 
Constructing and Experi- 6 Ginn and Co. 1961 230-231 
menting with Pulleys 
Experimenting with a 4 Harper and Row 1963 223-224 
wheel and axle 
11An Experiment with 4 Lyons and 1960 30 
Rollers 11 Carnahan 
Experimenting with an 4 Harper and Row 1963 225-226 
Inclined Plane 
''Weighing with a Balance11 4 Allyn and Bacon 1~69 154'!"155 
"Balance of Books 11 4 Allyn and Bacon 1960 156-157 
Making a Windlass 6 Ginn and Co. 1961 223 
Weight and Gravity 5 Ginn and Co. 1961 166-168 
"How to Measure the Force 4 The Macmillan 1959 30 
of Gravity" Company 
"Stopping Distance of 4 Allyn and Bacon 1960 55 
Automobiles" 
"Stopping Distance11 4 Allyn and Bacon 1960 52-53 
Moving Boats 4 The John C. 1956 226-269 
Winston Co. 
Measuring the e],_evation 5 J. B. Lippincott 1956 113-116 
of a hill Company 96-101 
Computing foot-pounds 6 The Macmillan 1959 296-297 
and horsepower Company 
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0 Subject Title Grade Publisher Date Page 
Chemistry 
"The Weight of Atoms" 6 Harper and Row 1963 294-295 
"Isotopes" 6 Harper and Row 1963 296-298 
"Einstein's Equation" 6 Harper and Row 1963 303-304 
Making a Model of an 6 Lyons and 1960 14-16 
Atom Carnahan Co. 
Symbols and Formulae 6 D. C. Heath 1956 107-109 
and Company 
"Does a Liquid Expand 6 D. c. Heath 1956 76-77 
When it is Heated'l" and Company 
Reducing Waste and 5 The Macmillan 1959 274 
Collecting Scrap Company 
Prices for Scrap 5 The Macmillan 1959 276 
Company 
0 Transportation 
Bernoulli's Principle 5 Harper and Row 1963 14-17 
Bernoulli 1 s Principle 6 Lyons and 1960 183 
Carnahan Co. 
Air exerts pressure 4 D. c. H,eath 1956 81 
and Company 
"Air Loses Pressure" 6 Ginn and Co. . 1961 238 
"Airways fr-om Here. to 6 Ginn and Co. 1961 246-247 
There" 
Use of a gyroscope in 6 Lyons and 1960 194 
an airplane Carnahan Co. 
Water has Pressure 4 The John C. 1956 38-39 
Winston Co. 
"Measuring the Upward 5 The Macmillan 1959 280 
Force of Water" Company 
0 
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Transportation 
(cont'd) 
"The Upward Force 5 Lyons and 1960 280-282 
of Water" Carnahan Co. 
"Changing the 5 Allen and Bacon 1960 286-287 
Upward Force" 
11A Submarine Diver" 5 Allyn and Bacon 1960' 292-293 
11Ba1anci'4g Boats" 5 The Macmillan 1959 28l. 
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